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 ᵲᶍ ᶎᴲ ᶊᵩᵰᶪ ᶒ ֩ ֹ ֪ᶊ ᶄᵮ ᶍסּ

ᶊᶃᵣᶅ ᵾfᶡᶍᶆн ᴳ ╓ᶍ ֩ ╓ ᶎ

╓֪ᶊᶧᶨᵹ ╗ᶍ ᶆᵸᴳ 

 ᴲ ᶒ ᶍᵆ Ḧḓḭᶷḳᵇᴲᵆ Ḧḓḭᶷḳᶍ ᵇ ᶊ ᶄᵬ

ᵶᶅᵩᶩᴲ ᶍ ᶱ ᴴ ᵸᶪᶡᶍᶊᶃᵣᶅ ᵶᶅᵣɕн ᴳ ᶊ ᵴᶫᶅᵣᶉᵣ

ᶊᶃᵣᶅᶎᴲᵆ Ḧḓḭᶷḳᵇᴲᵆ Ḧḓḭᶷḳᶍ ᵇᶱ ᵶᶅᵮᵿᵴᵣG 

 ᶍ ᶱסּ ᵰᶅ ᶱ ᵥ ᶎᴲ ᶊ ᶄᵬ↨ ᶉ ᶱ ᶂᶅᵮᵿᵴᵣG

ᶉ ᶊᶃᵣᶅᶎᴲ ᶣ ᶍ ᶇᶉɭɕ ᵸG  

 

֩ă ֩ ᶱ ᵮᶊ֪ᵩᵣᶅᶎᴲ ᶍ ᶇᶉ ᵾᶅᶠᴲ ⅛ᵣᵫ│ᶉᶪּס ᵫᵡᶩᶝ

ᵸᴳ ᵶᵮᶎ ᶊᵩ ᵺᵮᵿᵴᵣᴳ֪ 

 

 

ᵊ  ɛ

ø ֹ Ḧḓḭᶷḳ֩ ֪ 

ø ֹ Ḧḓḭᶷḳᶍ ᶇ ᵧ ֩ ֪ 

¹ ֹ Ḧḓḭᶷḳᶍ ӵᴴӶ֩ 11  ֪

ø֩ ֪ ֹ ֩ 21  ֪

ø֩ ֪ ֹ ֩ 22  ֪

ø֩ ֪ ֹ ֩ 24 7  ֪

ø֩ ֪ ֹ ᴴ ↨ ֩ 21 6  ֪

ø ֹ ֩ 18 8 10  ֪

ø ֹ פֿ  ֩ 31  ֪

ø ֹ סּ ֩ 31  ֪

ø ֹ ᶍ ▓  ֩ 26 4  ֪

ø ֹ ᷈ḻ᷄ḲᴻḐ ᴴ ֩ 6 12  ֪

 

 

╥ᵬᶆᶎᴲ∙ּזᶍᶇᵩᶩ ᶱ ᵶᶝᵸᴳ 

     ᶒ ֩ 36 191  ֪

   ᶒ ֩ 37 16  ֪

   ᶒ ֩ 37 3  ֪

  



 

2  

 

 

à ᶇᶉᶪ ᶍ ֩ᶹḩᴻḀ ֪á 
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 ᶊ ᵸᶪ  

 ᶍ ᶊ ᵶᶅᶎᴲ ᴴ ᶱ ᶂᶅ ᶍ ᶍ↨ ᶱ ᵸᶪᵲᶇᵫ

ᶆᵡᶪ  G

 ᶊᴲ ᶍ↨ ᶊ ᶉ☼ ᶱ ᶛᵸ ᴲ ᴲ ᴴ ᶍ ᵫ ᵸᶪ ᴴ

ᵫ ᵴᶫᶪ ᶊᶃᵣᶅᶎᴲ ᶊ ᵸᶪᴳᶝᵾᴲ ᴴ ᶊᵩᵣᶅᴲ ᴲ

ᶒ זּ ᶍ ᴲ ᵫ ᵴᶫᶪ ᶎᴲ ᶡ ᵸᶪᴳᵲᶫᶨᶍ ᶱ ᵷᶅ

ᶍᶩ ᶍ↨ ᶍᶞᶉᶨᵹᴲ ᶒ ᶱ ᶠᵾ ᶍ↨ ᶊᶃᵣᶅ ᵸ

ᶪᵲᶇᵫ ᶆᵡᶪ G

 

1.1  ֩ 7 1  ֪

(1) ᶍ ᵶᴴ ᶠ֩ 7 1 1  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ⌐ ∕─ ─ │

( ₈ ₉≤™℮⁹)─ ⌐╟╢ ╖⁸ ⁸ │ ╡⅜ ∂⌂™╟℮⁸

⌐ →╢ ╩ ∏╢↓≤⁹ 

▬ ⅔⅔╗⌡ ☿fi♅ⱷכ♩ꜟ ─ ↕─ ⌐ ↑≡ ╩ ╡⁸⅛≈⁸∕─ ─

╩ ─⧵כꜝכ꜡╩╣↓⁸⌐≥↔╢ ↓╣⌐ ∆╢ ╩ ™≡ ╘ ╘╢↓

≤⁹ 

 H ᶍ ᶊᵡᵾᶂᶅᶎᴲ ᶍ ᵶ ᵴ֩ᶝᵬ ᵶ ᵴ֪ᶱ ᶌ30cm ᶊזּ∙ ᵶᴲ ᵪ

ᶃ ᶍ ᵴ∙ ᶆ ᵸᵲᶇ G

 H ᶍ ᶠᶊᵡᵾᶂᶅᶎᴲ ᶍ ᶍ ᶱ ᵱᶪᵾᶠᴲ ᴲ ᶊꞌᵷᵾ

ᶉ ᶠᶱ ᵥᵲᶇ G

 H ᶍ ᶠ Dc ᶎᴲ ᶅᶍ ∞ᶊᶃᵣᶅ ᶠ ᵫ 90% ∙ ֩ ᶍ

ᶱ֪זּ∙10% ᶇᵸᶪᴳᵾᵿᵶᴲ וּ ᵫ ᶇᶉᶪ ᶊᶧᶩ ᶍ ᶠᵫ ᶉ

ᶎᴲ ᶍ↨ ᶊ☼ ᶱ ᶛᵴᶉᵣᵲᶇᵫ ᶨᵪᶉ ᶊᵩᵣᶅ ᶠ ᶍּז ᶱ

87% ∙ ֩ ᶍ 1ɵ3%∙ּ֪זᶇᵸᶪᵲᶇᶡּס ᶆᵡᶪᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ V 6H  ᶍ ᶍ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.242 - 243 2Ǝ50 - 272  
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( 2 ) ᶩ ᵯᵣ ᶍ ֩ 7 1 1  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ⌐ ∕─ ─ │

( ₈ ₉≤™℮⁹)─ ⌐╟╢ ╖⁸ ⁸ │ ╡⅜ ∂⌂™╟℮⁸

⌐ →╢ ╩ ∏╢↓≤⁹ 

Ɫ ▬ ┘꜡⌐ →╢╙──╒⅛⁸ ⌐ ∂≡ ╡ ←™ │◓ꜝ►fi♪▪fi◌

─⧵כ ─ ( ₈ ╡ ←™ ₉≤™℮⁹)─ ∕─ ─ ╩ ∏╢↓

≤⁹ 

 H ᶱ ᵥ ᴲ ᶊꞌᵷᶅ ᶩ ᵯᵣ ᶎ᷅ḱᶻḻḑᶷḻ᷀ᴻᵼᶍ ᶍ ᶱ ᵸᶪ

ᵲᶇᵼGᶍ ᶍ↨ ᶊᵡᵾᶂᶅᶎᴲ ᵸᶘᶩ ֩ ֪ᴲ ᵸᶘᶩ

֩  ֪ᴲ  ᵆ ᵸᶘᶩ

ᵇ֩ ֪ᴲֿפ  ֩ ֪ ᶱ ᵸᶪᵲᶇᴳ 

 

 

(3) ᶩ֩ 7 1 2  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ⇔ↄ ⇔≡™╢ ⌐⅔™≡ ╩∆╢ ⌐⅔™≡│⁸ ╩∆╢ ─ ≤

≤⅜ ∆╢ ⅜ ╡ ≤⌂╠⌂™╟℮⁸ ╡∕─ ─ ╩ ∏╢↓≤⁹ 

 H ᶍ ᶎ ᶊ ᵸᶪᶇᶇᶡᶊᴲ ᵫ15 ֩ 1:4.0 ֪ ∙ ᶍ

ᶊ ᶱ ᵥ ᶊᶎᴲ ᶍ ᶒ ᵫזּ ᵷᶉᵣᶧᵥᶊᴲ ᶩᶱ ᵥᵲᶇᴳ 

 H ᶩ ᶎᴲ ᴲ ᵴ50cm ᴲ 1.0m ∙ ᶇᵸᶪᴳᶝᵾᴲ ᶩ ᶊᶎ ᶍᵾᶠᶊ ᶱ

ᵸᵲᶇ  G

 

1.1.1 ᶩᶇ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.247 ᶱ╗ נּ  ֪
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ᵊ  ɛ

 Ḧḓḭᶷḳ ӹ 6H  ᶍ ᶍ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.242 - 243 2Ǝ45 - 247  

  4 - 5  

 

 

(4) ᶍᶩ ᶍ↨  

 H ᶎ ᶇᵶᶅ30 ֩  ᶇᵸᶪᴳזּ∙1:1.8֪

 H 30 ᶱ ᵧᶪ ᶎᵆ ᵇᶇᵶᴲ ᶍ ᵫ ᶇᶉᶪᴳ 

 H ᴲ ᶍ ᵴᶎ15m ᶝᶆᶇᵸᶪ G

 H ᶍᶧᵥᶉ ᶊᶎᴲ ᶍᶩ ᶍ↨ ᶍ ֩↨ ֪ᶱ ᶊ ᶂᵾ ᶆ ᶱ ᵸ

ᶪ  G

1) ᶍᶩ ᵫ ᶊ ᵬᵣ 1֩5m ∙ ᶍ  ֪

 ֪ ᵫ ᵪᶨᶍ ᴲ ᶒ זּ ᶍ☼ ᶱ ᵰᶣᵸᵣ  

 ֪ ￼ ᶍ ᵫ ↨ ᶉ  

 ֪ ᵫ ᵸᶪᶇ ᶊ ᶉ☼ ᶱ ᵧᶪᵩᵼᶫᵫᵡᶪ  

 ֪ ᵰ ᶇᶉᶪ  

 ֪ ᶠ ᵣ ᶱ ᶊ ᵣᶪ  

 H ᶍᶩ ᶍ↨ ᶍ ᶎᴲᵆ ḦḓḭᶷḳV 3H 2H ᶍᶩ ᶍ↨ ᶍ ᵇᶊ

ᵣ↨ ᶱ ᵣ ᵸᶪᵲᶇᴳᵲᶍ ᴲ ᶊ ᵣᶪ ᶍ ᶎ ᶒ

ᶊᶧᶪוֹ  G

 

 

1.1.2  ᶍᶩ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.174  ֪
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à ᶍᶩ ᶍ↨ ᶍ á 

 H ӡזּ∙ ᶒӢᶍ ᶊᶧᶩ↨ ᶱ ᵣᴲ ↨ ᵫ 1.5 ∙ ᴲ 1.0 ∙ ᶆᵡᶪ

ᵲᶇᶱ ᵸᶪᵲᶇᴳ 

 H ↨ ᶊ ᵣᶪ ᶎᴲ ᶊᶧᶩ ᶠᶪᵲᶇᴳ 

 

 H ᶱ ᶊ ᵸᶪᵲᶇᶱ ᶇᵶᶅᴲ ᶍ ⅓ᶎ ᵶᶉᵮᶅᶧᵣᴳ 

 H ᵾᵿᵶᴲ ᶣ ᵫ ᶠᶨᶫᶪ ᶍ ᶊᶃᵣᶅᶎᴲ ᶊ ᵸᶪ

⅓ᶇᵶᶅᴲ ⅓ᶱ ᶟᶡᶍᶇᵶᴲ זּ ᶍ ∞ᶎ ᶍ3 ᶍ 1ᶇᵸᶪ  G

 

ӡ  

 

 

FS  ֹ↨  

M R  ֹ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

M D  ֹ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

  ֹ ᶍ k֩N/ Ԝ  ֪

ʔ  ֹ ᶍ ֪֩  

  ֹ ᶍ ᶩ ᶍ ᵴ֩ ֪ 

  ֹ ᶍ ∞ ᵴ k֩N/  ֪

ʀ ֹ ᶍ ᶩ ᶍ ᶇ ᶩ ᶱⱦ ᶇᵸⱦᶅᶍ ᶇɵ ᶕ ᵫꜜ

ᶇᶉᵸ ֩ ֪ 

US  ֹ ᶍ זּ ᶍ ⅓ ᶊᵩᵰᶪ ⅓֩kN/m 2  ֪

 

 

Ӣ  

 
 

FS  ֹ↨ ֩  ֪

MὲR ֹ ᶍ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

MὲD ֹ ᶍ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

   ֹ ᶍ k֩N/ Ԝ  ֪

ʔ  ֹ ᶍ ֪֩  

   ֹ ᶍ ᶩ ᶍ ᵴ֩ ֪ 

  ֹ ᶍ ∞ ᵴ k֩N/  ֪

ʀ ֹ ᶍ ᶩ ᶍ ᶇ ᶩ ᶱⱦ ᶇᵸⱦᶅᶍ ᶇɵ ᶕ ᵫꜜ

ᶇᶉᵸ ֩ ֪ 

ᴴᴴ 1H.1.1 

ᴴᴴ 1H.1.2  
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k h  ֹ ֩ ᶍ ∞ ᶎ ᶍ ∞ ֪ 3.2.1 ᶊᶧ  ᶅ

US  ֹ ᶍ זּ ᶍ ⅓ ᶊᵩᵰᶪ ⅓֩kN/m 2  ֪

h   ֹ ᶍ ᶩ ᶱⱦ ᶇᵸⱦᶅᶍ ᶇ ᶇᶍ ᶇᶍꜜ m֩  ֪

  ֹ ᶩ ᶍ ֩ ֪ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹ 3H  ᶍᶩ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.173 - 209  

  4 - 3 ᶍ↨ ᶍ  

 

 

( 5 ) ᶍ↨  

 H ᶍ↨ ᶱ ᵸᶪ ᶎᴲ ᵸᶪ ᶍ ᵫᴲ ᶊ ᵸᶪ ᶆᵡᶪᴳ 

֪ ᶠ  

 ᶱᵸᶪ ᶍ ᵫ3,000 Ԝ∙ ᶆᵡᶩᴲᵪᶃᴲ ᶱᵸᶪᵲᶇᶊᶧᶩᴲ ᶱᵸᶪ

ᶍ זּ ∞ᵫ ᶱᵸᶪ ᶍ ᶍ ᵴᶱ ᵧᴲ ᶍ ᶊ ᵸᶪᵲᶇᵫ ᵴ

ᶫᶪᶡᶍ  G

֪ ᵰ  

 ᶱᵸᶪ ᶍ ᵫ ᶊ ᵶ20 ∙ ᶍ ᶱᶉᵶᴲᵪᶃᴲ ᶍ ᵴᵫ5m ∙

ᶇᶉᶪᶡᶍ G

 

1.1.3  ᶠ ᶍᶹḩᴻḀ 

 

1.1.4  ᵰ ᶍᶹḩᴻḀ 
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 H ᶍזּ∙ ᶊᶧᶩ↨ ᶱ ᵣƎ ↨ ᵫ 1.5 ∙ ᴲ 1.0 ∙ ᶆᵡᶪᵲᶇᶱ

ᵸᶪᵲᶇᴳᶝᵾᴲ↨ ᶊ ᵣᶪ ᶎᴲ ᶊᶧᶩ ᶠᶪᵲᶇᴳ 

 

à ᶠ á 

 
FS  ֹ↨ ֩  ֪

MὲR ֹ ᶍ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

MὲD ֹ ᶍ ᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

   ֹ ᶍ k֩N/ Ԝ  ֪

ʔ  ֹ ᶍ ֪֩  

   ֹ ᶍ ᶩ ᶍ ᵴ֩ ֪ 

  ֹ ᶍ ∞ ᵴ k֩N/  ֪

k h  ֹ ֩ ᶍ ∞ ᶎ ᶍ ∞ ֪ 3.2.1 ᶊᶧ  ᶅ

US  ֹ ᶍ זּ ᶍ ⅓ ᶊᵩᵰᶪ ⅓֩kN/m 2  ֪

h   ֹ ᶍ ᶩ ᶱⱦ ᶇᵸⱦᶅᶍ ᶇ ᶇᶍ ᶇᶍꜜ m֩  ֪

Rt  ֹ ᵴᶫᵾᵼᶫᵽᶫᶍ ᶩ ᶍḪᴻḩḻḐᶍ ᶍ ᵴ֩  ֪

RW  ֹ ᶍ ᶩ ᶍ ᶊᶧᶪḪᴻḩḻḐᶍ ᶍ ᵴ֩ ֪ 

Rr  ֹ ᶍ ᶩ ᶍ ᶊᶧᶪḪᴻḩḻḐᶍ ᶍ ᵴ֩ ֪ 

Re  ֹ ᶍ ᶩ ᶊ ᵸᶪ ᶊᶧᶪḪᴻḩḻḐᶍ ᶍ ᵴ֩ ֪ 

H  ֹ ᶍ ᶩ ᶍ זּ ᶇ ᶍ ᶱ ᵶᵾ ֩  ֪

L  ֹ ᶍ ᶩ ᶍ ᶱ ᵶᵾ2 ᶍ ᶱ ᵶᵾ ֩  ֪

 

à ᵰ á 

 1ᴂ.1(4) ᶍᶩ ᶍ↨ ᵇᶱ ᶍᵲᶇᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹ 4H  ᶍ↨ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.210 - 217  

  4 - 3 ᶍ↨ ᶍ  

 

 

  

ᴴᴴ 1H.1.3  
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1.2  

 H ᶒ 5m ᵳᶇᶊᴲ 1.5m ∙ ᶍ ᶱ ᵰᶪᵲᶇ G

 H ᶒ 15m ᵳᶇᶊᴲ 3.0m ∙ ᶍ ᶱ ᵰᶪᵲᶇ G

 H ᶃᶍ ᶊᶎᵴᶝᶫᵾ ᶎ ╗ ᶇᵸᶪᵲᶇᴳ 

 H ᵳᶇᶊᶍᶩ ᶱ ᵸᶪᵲᶇᴳ ᶎᴂ5.4 ᵇ  G

 H ᶍ ᶍᶍᶩ ᶊᶎᴲ ᵪᶨᶍᶩ ᶗᶍ ᶍ ᶱזּ ᵸᶪᵾᶠᴲ

ᶊꞌᵷᶅᴲ ᶱ ᵸᶪᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹᴴ  H ᶍᶩ ᶍ ᴲӺ  H ᶍᶩ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.208 - 209 pƎ.313 - 314  

 

 

1.3  ᶍ ֩ 7 2 1  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 

 ⌐ ╘╢╙──╒⅛⁸ ─ ≢ ╘╢ ⌐ ∆╢ ─

─℮∟ │ ╩⇔√ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐

→╢╙─≤∆╢⁹ 

 │ ( ─ ┘ ─ │ ╩ ↄ⁹)╩⇔√

─ ─ ⌐ ∂√ ─ ⌐ ↄ ─ ⌐│⁸ ─ ⅜⌂™ ╡⁸

∕─ ─ ⌐ ∕─ ─ ⅜ ╣╢╟℮⁸ ╩ ∆╢↓≤⁹ 

 

 H ᶎ ᶱᵶᵾ ᶍ ᶊᶎᴲᵼᶍ ᶍ ᶊ2%∙ ᶍּזᶩ ᶱ ᵸᶪᵲᶇᴳ 

 H ᶍ ᶗ ᶍ ᶱ ᵸᶪᵲᶇᵫ ᶉ ᶎᴲᶍᶩ ᶗ▓ ᵼᶍ ᶍ ᵫ ᶨ

ᶉᵣᶧᵥᶊᴲ ᶊ ᶱ ᵸᶪᵲᶇᴳ 

 

1.3.1  ᶍ ᶊ ᵮ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p. 388  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӻ 6H  ᶍᶩ ᶍ ᴴ ᶍ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.387 - 390  
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1.4  ᶊᵩᵰᶪ ֩ 7 2 2  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 

 ⌐ ╘╢╙──╒⅛⁸ ─ ≢ ╘╢ ⌐ ∆╢ ─

─℮∟ │ ╩⇔√ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐

→╢╙─≤∆╢⁹ 

 ⌐⅔↑╢ ─ ⅜ ⇔≡ ∆╢ ∕─ ─ ⌐ ™ ⅜

∏╢⅔∕╣⅜ ⌐ ⅝™╙─≤⇔≡ ≢ ╘╢ ⌐⅔™≡ ↕⅜ ⱷכ♩

ꜟ╩ ⅎ╢ ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ─ ⌐≈™≡⁸

∕─ ─ │ ⌐ ≠ↄ ─ ╩ ℮↓≤⌐╟╡∕─ ⅜ ↕╣

╢╙─≢№╢↓≤╩ ⅛╘╢↓≤⁹ 

 

ₒ ₓ( │ ⌐ ™ ⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™ )  

 ( ┘ ⌐⅔™≡ ∆╢ ╩

╗⁹)─ ≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 ⌐⅔↑╢⁸ ─ ⅜ ⇔≡ ∆╢  

 ⌐⅔↑╢⁸ ⁸ ─ ─ ∕─ ─ ⅜ ─ ⌐ ∆╢ ╩

⇔≡™╢  

 ─ ┘∕─ ─ ─ ⅛╠ ↕╣╢ ⌐№≈≡⁸ ∕─

─ ⅜ ⇔⁸ │ ⅜ ∆╢⅔∕╣⅜ ⅝™  

 

(1) ᶍ ∫ 

 H ᶍ ∫ᶎᴲ 10 ∙ ᶍ ᶱ ᵶ0Ǝ ᶱ ᶟ╗ ᶍ ᶆᵡᶩᴲᵼᶍ

ᶍ ᵪᶨᶍ ᵫ25m ∙ ᶍ ∫ᶇᵸᶪ  G

 

1.4.1  ᶍ  
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1.4.2  0 ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.220  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹᴴ  ᶊᵩᵰᶪ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.218 - 222  

 

(2) ᶊᵩᵰᶪ  

 H ᶊᵩᵰᶪ ᶍ ᵴᶎ15m ᶱזּ∙ ᶇᵶᴲ ֯ ֩ ֪ᶊ ᵸ↨ ᶍ ᶱ ᵥᴳ 

 

 H ᶍ ᵴᵫ15m ᶱ ᵧᶪ ᶎᴲ ᶍ ᶱᶇᶪᵲᶇᴳ 

 ֪ᶧᶩ ᶉ ᴲ ᴲ ᶱ ᶂᵾᵥᵧᶆ ᶍ↨ ᶱ ᵶᴲ

ᶱ ᶟ ᶍ↨ ᶱ ᵸᶪ  G

 ֪ ⅓ᶱ ᵶᵾ↨ ᶱ ᵥᴳ 

 ֪♪ טּ ᶱ ᵸᶪᴳ 

 ֪ ᶉ ֩ 5 ֪ᶎᴲ ᶍ↨ ᶊּנᵧᴲ ᶍ ᶣ

ᶊᶧᶩ ᶉ ᶱ ᵥ ᶱ ᵸᶪᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹ 5H  ᶊᵩᵰᶪ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.218 - 219 pƎ.222 - 241  
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1.5  ᶍ↨ ֩ 7 2 3  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 

 ⌐ ╘╢╙──╒⅛⁸ ─ ≢ ╘╢ ⌐ ∆╢ ─

─℮∟ │ ╩⇔√ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐

→╢╙─≤∆╢⁹ 

 ╩⇔√ ─ ⌐ ╡╛∆™ ─ ⅜№╢≤⅝│⁸∕─ ⌐ ╡⅜ ∂⌂™

╟℮⁸ ╡ ←™ ─ ⁸ ─ ⅎ∕─ ─ ╩ ∏╢↓≤⁹ 

 H ᶍᶩ ᶍ↨ ᶍ ᶎᴲ↨ ᶊ ᶉ ᶱ ᶊᶧᶩ ᶊ ᶠᶪᵲᶇᵫ

ᶉ ᵫ ᵣᴳ ᶍᶧᵥᶉ ᶊᶎᴲ ᶍᶩ ᶍ ᶱ ᶊ ᶂᵾᵥᵧᶆ ᶱ ᵸᶪ

ᵲᶇ  G

 ֪ᶍᶩ ᵫ ᶊ ᵬᵣ ֩ᶍᶩ15m ᶱ ᵧᶪᶡᶍ ֪

 ֪ᶍᶩ ᵫ ᶫ ᶍ ᵣ ᴲ ᶫ ᴲ ᶍטּ ᵣ ᴲ ᶊ ᵣ ᴲ ᶆᵡᶪ  

 ֪ᶍᶩ ᶊ ᵫ ᵣ  

 ֪ᶍᶩ ᶎ ᶍ ᶊ ᵮ ᶊ▓ ᵫ ᵶᶣᵸᵣ  

 H ᶍ ᶊ ᵾᶂᶅᶎᴲ ᶍ ᶍᶞᶆᶎ ᶍ ᶱ ᶊ №ᶆᵬᶉᵣᵲᶇᵫ ᵣᶍ

ᶆᴲ ᶊᵩᵰᶪ ᶒ זּ ᶍ ᶍ ᶊᶎטּ ᶊ ≥ᶱ ᵣᴲ ᶊꞌᵷᶅᶍᶩ

ᶱ ᵸᶪ ᴲ ᶉ ꞌᶱ ᶪᵲᶇᴳ 

 

 

1.5.1  ᵸᶘᶩᶣᵸᵣ ᶍ  

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӻ 2H  ᶍᶩ ᶍ↨ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.308 - 312  
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1.6  ᶍ  

 H ᶍ ᶊᵡᵾᶂᶅᶎᴲ∙ּזᶱ ᵶ ᶊ ᵸᶪᵲᶇ G
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15 

 

 



 

16 

 

 

 

 

 

 



 

17 

 

 

 

 



 

18 

 

 
 

 

 

 



 

19 
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 ᶊ ᵸᶪ  

ᶍ ᴴ ᶊ ᵾᶂᶅᶎᴲ ᶊ ᶠᶨᶫᶪ ᶊꞌᵷᶅᴲ ᶍ↨ ᶎᶡᶇᶧᶩ

ᶱ ᶠᵾ ᶒ ᶍ↨ ᶊᶃᵣᶅᶡ ᶊ ᵸᶪᵲᶇᵫ ᶆᵡᶪᴳ 

ᶝᵾᴲ ᶍ ᵫ ↨ ᶉ ᶊᶎᴲ ᶊꞌᵷᶅ ᶍ ᶱ ᵷᶉᵰᶫᶏᶉᶨ

ᶉᵣ  G

 

2.1  ᶍ ֩ 8 1 1 ᴲ  ֪

ₒ ₓ( ─ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ─

⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ( ─ ┘ ─ │ ╩ ↄ⁹)╩⇔√

─ ⌐ ∏╢ ≢ ⌐ →╢ ─╙─⌐│ ╩ ⇔⁸↓╣╠─ ╩

℮↓≤⁹ 

▬ ╩⇔√ ─ ⌐ ∏╢ │ ─ ≢№≈≡⁸∕─ ⅜

⌐ →╢╙─⌐ ⇔⁸⅛≈⁸ ─™∏╣⅛⌐ ∆╢╙──  

( )  ∕─ ⌐ ∂ ⅜ ─ ─╙─ 

( )  ∕─ ⌐ ∂ ⅜ ─ ╩ ⅎ⁸ ─ ─╙─

(∕─ ⅛╠ ⌐ ⱷכ♩ꜟ ─ ⌐ ╢⁹)  

꜡ ∕─ ─ │ ⌐ ≠⅝ ─ ╩⇔√ ─ ╩

≈√╘⌐ ─ ⅜ ≢⌂™↓≤⅜ ⅛╘╠╣√  

Ɫ ─ ⌐╟╡ ⅜ ↕╣√  

 ▬(1)⌐ ∆╢ ─ ⌐╟╡ ⌐ ↕╣√ ─ ⅜№╢ ⌐⅔

↑╢ ▬(2)─ ─ ⌐≈™≡│⁸ ▬(1)⌐ ∆╢ ─ │ ∑∏⁸∕─

─ ─ │ ⇔≡™╢╙─≤╖⌂∆⁹ 

 

 
╩ ⇔⌂™  

─  

╩ ∆╢  

─  

─ ⇔™╙─╩ ↄ⁹  60  80  

─ ⇔™  40  50  

⁸ ⁸ ⱶ⁸כ꜡

∕─ ↓╣╠⌐ ∆╢╙─ 
35  45  
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 H ᶍᶧᵥᶉᵆ ᵇᵫ ᵷᵾ ᶊᶎᴲ ᶍ ᶱ ᵯᵾᶠᴲ ᶇᵶᶅᵼᶍ ᶱ ᶆ ᶮᶉ

ᵰᶫᶏᶉᶨᶉᵣ  G

 ֪ ᶱᵶᵾ ᶍ ᶊ ᵹᶪ ᵴᵫ1mᶱ ᵧᶪᵆ ᵇ 

2) ᶱᵶᵾ ᶍ ᶊ ᵹᶪ ᵴᵫ2m ᶱ ᵧᶪᵆ ᵇ 

3) ᶇ ᶇᶱ ᶊᵶᵾ ᶍ ᶊ ᵹᶪ ᵴᵫ2m ᶱ ᵧᶪᵆ ᵇ 

 H ᵾᵿᵶᴲ ᶍӡ ӣᶊ ᵸᶪ ᶎᴲ ᶱ ᵸᶪ ᶎᶉᵣᴳ 

ӡ ᶊᶧᶩ ᵷᵾ ᶍ╗  

ᶊᶧᶩ ᵷᵾ ᶆᵡᶂᶅᴲ ᶊꞌᵷ ᶍ ᵫ2.1.1 ᶊ ᵸᵣᵹᶫᵪᶊ ᵸᶪ

ᶎᴲ ᶍ ᶎ ᶇᶉᶪᴳ 

Ӣ ↨ ᶊᶧᶩ ᶍ ᵫ ᶆᶉᵣᵲᶇᵫ ᵴᶫᵾ  

ӣ ᵫ ᵴᶫᵾ  

 

2.1.1  ᶇᶉᶪ ֩ ᶍᶩ ᶊ ᶪ֪ 

ֹӡᶇӢᶍ ᵫ ᵸᶪ ᶍ ᵧ ᶎ 2Ǝ.1.1  

 
ӡ ᶍ ᵪᶨᶍ ᵫ

5m ᶍזּ∙ ᶍᶞ  
Ӣ ᵴᶊ ᶮᶨᵹ  

֩ ᶍטּ ᵶᵣᶡᶍᶱ

ᵮ  ֪

80 1:0.2֩זּ∙  ֪

 

60 1:0.5֩זּ∙  ֪

ᶍטּ ᵶᵣ  

 

50 1:0.9֩זּ∙  ֪

 

40 1:1.2֩זּ∙  ֪

ᴲ ᴲ ḵᴻḨᴲ

ᵼᶍ ᵲᶫᶨᶊ

ᵸᶪᶡᶍ 

 

45 1:1.0֩זּ∙  ֪

 

35 1:1.5֩זּ∙  ֪
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2.1.1  ᶱ ᵶᶉᵣ ᶎ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.307  ֪

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.306 - 307 pƎ.412 - 414  

 

 

2.2  ᶍ ֩ 4 8Ǝ 1 2 1Ǝ7  ֪

ₒ ₓ( )  

  

 ─ ─ ≤ ( ─ ─ ⅜ ≤ ∆╢ ╩™℮⁹ ↓─

⌐⅔™≡ ∂⁹)≤╩ ╗ ─ ⌐ ∆╢ ╩ ─ ≤⇔⁸∕─ ≤ ≤─

╩ ─ ↕≤∆╢⁹ 

( ─ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ─

⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ─ │⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒ꜞכ♩ │ ╖ ∕─

─ ╖ ─╙─≤∆╢↓≤⁹ 

( ─ │ ⌐╟╢ )  

 │ ⅜ ┘ ⅛╠ ╕≢─

⌐╟╠⌂™ ≢⁸ ⅜↓╣╠─ ⌐╟╢ ≤ ─ ⅜№╢≤

╘╢╙─⌐≈™≡│⁸↓╣╠─ │⁸ ⇔⌂™⁹ 

 

 H ᵸᶪ ᶍ ᶎᴲ ᷈ḻ᷄ḲᴻḐ ᴲ ᷈ḻ᷄ḲᴻḐ ᴲ ᶞ ᶎ ֪

ᶍᵣᵹᶫᵪᶊ ᵸᶪᵲᶇᴳ 2֩.2 .1ᶊ ᵸᶇᵩᶩ ֪

 H ᶊᵩᵣᶅᴲ ᶍ ᵴᶇᶎ ֩ ᵧ ֪ᶍᵲᶇᶱ ᵸᴳ 
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2.2.1  ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.420  ֪

 

֪ ֹ 17 ᶍ ᶊ ᶄᵬ ᵫ ᶠᵾ ᶍᵲᶇ 

  ᶍ ╗ ֩ HP  ֪

  URL  ֹ https://www.mlit.go.jp/toshi/toshi_tobou_tk_000060.html  

 

 

2.2.2  ᶍ  

֩ ֹ  p.11  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.420 - 422  

  1- 3 ᶍ  
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2. 3  ᶍ ֩ 10 1Ǝ1 1Ǝ2  ֪

(1) ֩ 11  ֪

ₒ ₓ( ⇔⌂↑╣┌⌂╠⌂™ ⌐≈™≡─ ─ )  

 ─ ⌐╟╡ ↕╣╢ ⌐≈™≡│⁸

─ ⅛╠ ╕≢⁸ ( ╩ ↄ⁹)⁸ ⅛╠

╕≢ ┘ ─ ╩ ∆╢⁹ 

 H ᶆ ᶠᶪ ᶍᶚᵪᴲ ᶊ ᶠᶪ╗ ᶍ ᶊᶡ ᵸᶪ ᵫ

ᵡᶪ  G

 

( 2 ) ᶍ ᶫ֩ 10 1 4  ֪

ₒ ₓ( ╖ ─ ─ )  

 ─ ╖ ∕─ ─ ╖ ─ ─ │⁸ ⌐ ╘

╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ╩ ⌐ ⇔≡ ∆╢ ╩ ⅝⁸ ─ ─ ╣─ ↕│⁸ ─

↕╣╢ ─ ⅜⁸ ─ │ ⌐ ∆╢╙─≢№╢≤⅝│

─ ↕─ ─ (∕─ ⅜ ☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝│⁸ ☿

fi♅ⱷכ♩ꜟ) ⁸∕─ ─╙─≢№╢≤⅝│ ─ ↕─ ─ (∕─ ⅜

☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝│⁸ ☿fi♅ⱷכ♩ꜟ) ≤⇔⁸⅛≈⁸ ⌐

│⁸ ─ ◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ≢⁸ ─ ╡ ┘ ⌐ ⇔

≡ ≢№╢ ╩ ↑╢↓≤⁹ 

 H ᶍ ᶫᶎᴲ ᶍ ᶊꞌᵷ∙ּזᶱ ᵸᶪᴳ֩ 2.3.1 ᴲ 2.3.1  ֪

  ╗ ᴲ    35cm ∙ ᵪᶃ ֩ ᵧ ֪ᶍ15%∙  

           45cm ∙ ᵪᶃ ֩ ᵧ ֪ᶍ20% ∙  

 H ᴲֿפ ᶊ ᵶᶅ ᶱ ᵰᶪ ᶎᴲ ᶫ ᵴᶎֿפ ᵪᶨᶇᶪᶡᶍᶇᵸᶪᴳ֩ 2.3.2

 ֪

 H U ᶊ ᵸᶪ ᶍᶞᴲ ᵪᶨᶍ ᵴᶱ ᶫᶇ ᵧᶅᶧᵣᴳ֩ 2.3. 3  ֪

2.3.1  ᶍ ᶫ ᵴ 

( ֹ Ḧḓḭᶷḳᶍ ӵ p.484)  

  ╣ ↕(m) 

 

⁸ ⁸ 

│  

∂╡  ↕ H 

35cm ⅛≈ ↕

─ 15/100  
 

⁸ כ꜡

ⱶ⁸ 

∕─ ↓╣

╠⌐ ∆╢╙─ 

 ∕─ ─  
45cm ⅛≈ ↕

─ 20/100  
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2.3.1  ᶍ ᶫ ᵴᶍ ᵧ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.484  ֪

 

 

2.3.2  ᴴֿפ ᶊ ᵸᶪ ᶍ  ʟ

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.485  ֪

 

 

2.3. 3  U ᶊ ᵸᶪ ᶍ  ʟ

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.485  ֪

 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.482 pƎ.484 - 485  
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(3) ֩ 12  ֪

ₒ ₓ( ─ )  

 ─ ⌐╟╡ ↕╣╢ ⌐│⁸∕─ ─ ╩ ↄ∆

╢√╘⁸ ─ ⱷכ♩ꜟ ↔≤⌐ ⌂ↄ≤╙ ─ ⅜ ה ☿fi♅ⱷכ

♩ꜟ ─ ∕─ ↓╣⌐ ∆╢ ─ ╩ ™√ ╩ ↑⁸⅛≈⁸ ─

─ ─ ∕─ ⌂ ⌐│⁸ ∕─ ─ ╩ ™≡ ╩ ↑⌂↑╣

┌⌂╠⌂™⁹ 

 H ᶍ ᶒ ᶊᶃᵣᶅᴲּז ᶍᶇᵩᶩ ᶊ ᵸᶪᵲᶇᴳ 

 

à ᶍ á 

 H 3 ԜᶊŦ￼ ∙ ᴲ ᶊ ᵸᶪᵲᶇᴳ 

 H ᶍּז ᵮ ᶒ ᶍᵡᶪ￼ ᶊ ᶊ ᶊ ᵰᶪᵲᶇᴳ 

 H ᶆ זּ ᶍ ᶊ ᵾᶂᶅᵣᶪ ᶊᶎᴲ ᶊ ᵬ ᶱ ᵰᶅ זּ ᶱ ᵸ

ᶪᵲᶇ  G

 

à ᶍ á 

 H ᶎ 7Ǝ5mm ∙ ᶇᵸᶪᵲᶇ G

 H ᶊ ᶉ ᶱᶇᶪᵲᶇᴳ 

 H ᶊ ᵸᶪ ᶎᴲ᷈ḻ᷄ḲᴻḐᶍ⅓ ᶆᶃᶕᶫᶉᵣᶡᶍᶱ ᵸᶪᵲᶇᴳ 

 H ᶍ ᶊᶎᴲ ᵪᶨ ᵶᶉᵣ ᶍ ᵬᵴᶍ ֩ ᵣ ᵶ ᶱ ᶟ֪ᶱ

ᵬᴲ ᴲ ᴲ ᵫ ᵶᶉᵣᶧᵥ ᵸᶪᵲᶇᴳ 

 

à á 

 H ᶍ ᶍ ᶊ ֩ ֪ᶱ ᵰᶪᵲᶇᴳ ᶱ ᵣᶪ ᶎᴲ ᶍ ᵴ30cm

∙ ᶇᵸᶪᵲᶇ G

 H ᶊ ḦḋḐᶱ ᵰᶪ ᶎᴲ ḦḋḐ ᶍ ᶇᵶᴲ ḦḋḐ

Ḧḓḭᶷḳᶊᶧᶩ ᶊ ᵸᶪᵲᶇᴳ 

 H ᶞ ᶊᶃᵣᶅᶎᴲ ḦḋḐᶱ ᵸᶪ ᶆᶡ ᶠᶱ ᵸᶪᵲᶇᶎᶆᵬᶉᵣᴳ 
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2.3. 4  ᷈ḻ᷄ḲᴻḐ ᶍ ᶍ ᵬ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.467  ֪

 

 

2.3. 5  ᶞ ᶍ ᵬ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.489  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.462 pƎ.467 - 468 pƎ.482 pƎ.488 - 489  
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( 4 ) ᶒ ᶍ  

 

 H ᶊ ᵫ ᵰᶨᶫᶅᵣᶪᵲᶇᴲ ᶒ ᶍ ᵫᵴᶫᶅᵣᶪᵲᶇᴳ 

 

à á 

 H ᶎ ᶍ ￼ ᶊ ᵰᴲ ᶝᶆ ᵸᶪᵲᶇᴳ 

 H ᵴ20m ∙ ᵳᶇ 

 H ᶍ ￼ᵸᶪטּ  

 H ᶍ ᵴᵫ ᵶᵮ│ᶉᶪ￼ ᴲ ᶍ ᴴ ᵫ│ᶉᶪ￼ 

 

à ᶍ á 

 H ᶍ ᶎᴲ ᶍ∞ ᶱ ᵪᶨ ᶍ ᵴᶍ ᵿᵰ ᵰᶅ ᵸᶪᵲᶇᴳ 

 H ᶍ ᶎᴲ ᶱᶎᵴᶟ ᶍ ᶱ ᶒ᷈ḻ᷄ḲᴻḐᶆ ᵸᶪᴳ

ᶍ╗ ᶍ ᵴᶎᴲ ᶍ ᵴ֩ ᵧ ֪3m ᶆזּ∙ 50cm 3Ǝm ᶱ ᵧᶪᶡᶍᶎ60cm ᶇᵸᶪ  G

 

2.3. 6  ᶍ ᶒ ᶍ∞  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.490  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.462 - 464 pƎ.489 - 490  
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 ( 5 ) ֩ 73 7Ǝ9  ֪

ₒ ₓ( ─ ┘ )  

 ─ │⁸⅛⅞ ⌐ ╡ →≡⁸◖fi◒ꜞכ♩⅛╠ ↑ ⌂™╟℮⌐

⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ─ ⌐ →╢ ─ ⌐ ∆╢ ⌐№

≈≡│⁸∕─ ╩ ╡ →⌂™↓≤⅜≢⅝╢⁹ 

 ┘│╡( ┌╡╩ ↄ⁹)─ ∆╖  

  

 │ ─ ( ↓─ ⌐⅔™≡₈ ₉≤™℮⁹)─ ─ ⌡ ↕│⁸

╩ ⌐⅔↑╢ ─ ╙ ↕™ ⌐ ↑╢ ⌐№≈≡│⁸ ─ (

─ ⌂╢ ╩≈⌂← ⌐№≈≡│⁸ ™ ─ ⁹ ↓─ ⌐⅔™≡ ∂⁹)─

≤⇔⁸ ╩ ╡ ─ ╙ ↕™ ─ ⌐ ↑╢ ⌐№≈≡│⁸

─ ─ ≤⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ⅜ ╘√

╩ ™╢ ⌐№≈≡│⁸↓─ ╡≢⌂™⁹ 

 ⌐ ╡ ↑╢│╡─ ╡ │⁸ ─ ⌐ ∆╢ ╩ ⅝⁸ ⌐ ↕╣╢

─ ↕╩∕─ ─ ≤⇔⌂↑╣┌⌂╠⌂™⁹√∞⇔⁸ ⅜ ╘╢

⌐ ≈√ ⌐╟≈≡ ≢№╢↓≤⅜ ⅛╘╠╣√ ⌐⅔™≡

│⁸↓─ ╡≢⌂™⁹ 

 ╩ ∆╢ ◖fi◒ꜞכ♩ ⌐≈™≡ ─ ╩ ∆╢ ⌐│⁸↓

╣╠─ ₈ ₉≤№╢─│₈ ₉≤⁸₈ ₉≤№╢─│₈ ₉≤∆╢⁹ 

 

( ─⅛┬╡ ↕)  

 ⌐ ∆╢◖fi◒ꜞכ♩─⅛┬╡ ↕│⁸ ─ │ ⌐№≈≡│

☿fi♅ⱷכ♩ꜟ ⁸ ⁸ ││╡⌐№≈≡│ ☿fi♅ⱷכ♩ꜟ ⁸ ⌐

∆╢ ⁸ ⁸ ⇔ↄ││╡ │ ─ ╡ ⌐№≈≡│ ☿fi♅ⱷכ♩ꜟ ⁸

( ─ ╡ ╩ ↄ⁹)⌐№≈≡│ ◖fi◒ꜞכ♩─ ╩ ™≡ ☿fi♅ⱷ

ꜟ♩כ ≤⇔⌂↑╣┌⌂╠⌂™⁹ 

 ─ │⁸ ⁸ ⁸ │ ⌐╟╢ ─ ╩ ⇔⁸⅛≈⁸ ≤◖fi◒ꜞ

╩≥♩כ ⌐ ↕∑╢↓≤⌐╟╡⁸ ⌐ ∆╢⅛┬╡ ↕≤⇔√ ≤

─ ┘ ╩ ∆╢╙─≤⇔≡⁸ ⅜ ╘√ ╩ ™╢ ┘

─ ╩ ↑√ ⌐≈™≡│⁸ ⇔⌂™⁹ 

β ┘ ⌐⅔™≡  

 

 

à ᶍ ᶒ á 

 H ᶍ ᶎᴲ ᶊᵩᵰᶪ╥ ᶍ ᶡ ᵴᵣ ᶊ ᵰᴲ ᶍ ᶌ ᵴᶎᴲ ᵸᶪ

ᶱ ᵬᴲ ᶍ ᶍ25 ∙ ᶇᵸᶪ  G

 H ᵾᵿᵶƎ ᶍ ᶱ╥ ᶍ ᶡ ᵴᵣ ᶊ ᵰᶪᵲᶇᶍᶆᵬᶉᵣ ᶊᵩᵣᶅᶎᴲᵼᶍ

ᶌ ᵴᶱ ᶍ ᶍ 40 ∙ ᶇᵸᶪᵲᶇ G
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à á 

 H ᶎ᷈ḻ᷄ḲᴻḐᶍ╥ ᶊ ᵸᶪᵲᶇᴳ֩ 2.3.7  ֪

 H ᶍᵪᶕᶩᶎᴲ ᶆ4cm ∙ ᴲ ᶆᶎ6cm ∙ ᶇᵸᶪ  G

 

2.3. 7  ᶍ  ֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.448  ֪

 

2.3. 2  ᶍᵪᶕᶩ ᵴ ֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.443  ֪

 

 
⅛┬╡ ↕ 

∟ ⱪ꜠◐ꜗ☻♩  

─ │  2cm 2cm 

⁸ ││╡ 3cm 2cm 

⌐ ∆╢ ⁸ ⁸ ╙⇔ↄ││╡ │

─ ╡  
4cm 3cm 

─ ╡ ╩ ↄ ⌐№∫≡

│ ≡◖fi◒ꜞכ♩─ ╩ ↄ 
6cm 4cm 

ӡזֹּ∙ Ӥᶍ ᶊ ᵸᶪḟḴ᷂ḫḁḐ ᷈ḻ᷄ḲᴻḐᶍ ᶊ ᵆ֩סּ
79 1 ᶍ ᶱ ᵶᶉᵣḟḴ᷂ḫḁḐ ᷈ḻ᷄ḲᴻḐᶆ ᶨᶫᵾ ᶍ

ᶱ ᶠᶪ ᵇ֩ 13 8 21 1372 ֪ ֪
ӡ ᷈ḻ᷄ḲᴻḐᶍ ᵫ30N/ ∙ ᶆᵡᶪᵲᶇ G
Ӣ ᷈ḻ᷄ḲᴻḐᶊ ᵸᶪḃḩḻḐᶍ ᵫ R5210 ֩ḥḳḐḱḻḑḃḩḻḐ֪2003 
ᶊ ᵸᶪᶡᶍᶇᵶᴲ ∞ḃḩḻḐ ᵫ300kg/ ∙ ᶆᵡᶪᵲᶇ G

ӣ ᶍᵡᶪᶑᶒ ᶫᵼᶍ ᶍ ᵫᶉᵣᶡᶍᶆᵡᶪᵲᶇᴳ 
Ӥ ᶊ ᵸᶪ᷈ḻ᷄ḲᴻḐᶍ ᶊᶃᵣᶅ ᶍ ᶊᶧᶂᶅ↨ ᶆᵡᶪᵲᶇᵫ ᵪᶠ
ᶨᶫᶅᵣᶪᵲᶇ G

 

ᵊ  ɛ Ḧḓḭᶷḳᶍ ӵ p.441 - 443, p.447 - 450  
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(6) ᷈ḻ᷄ḲᴻḐ 

 

 H ᶍ ᶊ ᵣᶪ᷈ḻ᷄ḲᴻḐᶎᴲ ᶇᵶᶅ ᶊ ᵸ ∙ ᶍᶡᶍᶱ ᵣᶪ

ᵲᶇ  G

᷈ḻ᷄ḲᴻḐ  18N/mm 2 

᷈ḻ᷄ḲᴻḐ  21N/mm 2 

 

ᵊ  ɛ

  4 - 4  

 Ḧḓḭᶷḳᶍ ӵ p.417  

 

( 7 ) ᶊ ᵸᶪ  

 

à ᶊ ᵸᶪ á 

 H 2.3. 8 ᶍᶧᵥᶊᴲ ᶧᶩ ᶍ ᵴᶍ0.4H ∙ ᶆᴲᵪᶃ1.5m ∙ ᵿᵰ ᶊ

ꞌᵷᵾ ֩ʇ֪ᶧᶩ ᵶᴲᵼᶍ ᶎ᷈ḻ᷄ḲᴻḐ ᶀ ᶊᶧᶩ טּ ᶍᵩᵼᶫᶍᶉᵣ

ᶊᵸᶪᵲᶇ G

 
2.3. 8  ᶊ ᶱ ᵸᶪ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.468  ֪

 

2.3. 3   

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.468  ֪

  
─ ⇔™

 

⁸ ⁸

ⱶ⁸כ꜡ ∕

─ ↓╣╠⌐ ∆╢

╙─ 

│ 

 

ɝ  60° 40° 35° 25° 
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à á 

 H ᶱ ᵶᶅ ᵸᶪ ᶎᴲ 2.3. 9 ᶍᶇᵩᶩᴲ ᶉ ᶱ ᵸᶪᵲᶇᴳ 

 H 2.3. 2 ᶍʇ ᶊ ᶂᶅᵣᶉᵣᶡᶍᴲ ᶎ0.4H ∙ ᵪᶃ 1.5m ∙ ᶍ ᵫ ᶫᶅᵣ

ᶉᵣᶡᶍᶎᴲ ᶍ ᶇᶞᶉᵴᶫᶪᵾᶠᴲ╗ ᶍ ᶇᵶᶅ ᶱ ᵥᵲᶇᵫ ᶆᵡᶪᴳ 

 H ᶇᶉᶪ ᶎᴲּז ᶍ ᶊ ∙ ᶍ ᵫᵪᵪᶨᶉᵣᶧᵥᴲ ᶍ

ᶫ ᵴᶱ ᵮᵸᶪᴲ ᶱ ᵸᶪᶉᶈᵶᶅᴲּז ᶍ↨ ᶱ ᶃᵲᶇᵫᶆᵬᶪᶧᵥ

ᵸᶪᵲᶇ G

 

2.3. 9  ᴴּז ᶱ ᵶᶅ ᵸᶪ ᶍ  γ

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.469  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ ᴴ ᴴ ᷈ḻ᷄ḲᴻḐ ᶍ ᶍ ≥ ᴲ 

Ӽᴴ ᴴ ᴴ ᶞ ᶍ ᶍ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.468 - 469  

 

 

2.4 ᷈ḻ᷄ḲᴻḐ  

 H ᷈ḻ᷄ḲᴻḐ ᶍ ᶊᶃᵣᶅᶎᴲ ᶱ ᶍᵲᶇᴳ 
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2.5 ᶞ ֩ 10  ֪

ₒ ₓ( ╖ ─ ─ )  

 ─ ╖ ∕─ ─ ╖ ─ ─ │⁸ ⌐ ╘

╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ─ ⁸ ↕ ┘ ─ ↕( ⌐ ∆╢ ─ ─

─ ─ ─ ↕╩™℮⁹ ⌐⅔™≡ ∂⁹)⅜⁸ ─ ⌐ ∂ ⌐

╘╢ ⌐ ⇔⁸⅛≈⁸ ─ ─ ↕⅜⁸ ─ ↕╣╢ ─ ⅜⁸

─ │ ⌐ ∆╢╙─≢№╢≤⅝│ ☿fi♅ⱷכ♩ꜟ ⁸∕─

─╙─≢№╢≤⅝│ ☿fi♅ⱷכ♩ꜟ ≢№╢↓≤⁹ 

 ∕─ ─ │⁸ ⅎ ↕╩ ☿fi♅ⱷכ♩ꜟ ≤⇔⁸◖fi◒ꜞכ♩╩

™≡ ─ ≤⇔⁸⅛≈⁸∕─ ⌐ ⁸ │ ∂╡ ≢ ⌐ ╘∆

╢↓≤⁹ 

 ⌐ ╘╢≤↓╤⌐╟≈≡╙⁸ ─ ⌐╟╡│╠╖ ⇔∕─ ─ ─⅔∕

╣⅜№╢≤⅝│⁸ ⌂ ⌐ ◖fi◒ꜞכ♩ ─ ⅎ ╩ ↑╢ ⌂ ╩

∏╢↓≤⁹ 

 ╩ ⌐ ⇔≡ ∆╢ ╩ ⅝⁸ ─ ─ ╣─ ↕│⁸ ─

↕╣╢ ─ ⅜⁸ ─ │ ⌐ ∆╢╙─≢№╢≤⅝│

─ ↕─ ─ (∕─ ⅜ ☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝│⁸ ☿

fi♅ⱷכ♩ꜟ) ⁸∕─ ─╙─≢№╢≤⅝│ ─ ↕─ ─ (∕─ ⅜

☿fi♅ⱷכ♩ꜟ⌐ √⌂™≤⅝│⁸ ☿fi♅ⱷכ♩ꜟ) ≤⇔⁸⅛≈⁸ ⌐

│⁸ ─ ◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ≢⁸ ─ ╡ ┘ ⌐ ⇔

≡ ≢№╢ ╩ ↑╢↓≤⁹ 

 

 H ᶆ ᶠᶪ ᶞ ᶍ ᶎᴲ∙ּז ᶒ 2.5.1 ᴲ 2.5.1 ᶊᶧᶪG  

 H ᶍ ᵧ ᵴᵫ30cm ∙ ᶆᵡᶪᵲᶇ G

 H ᵫ᷈ḻ᷄ḲᴻḐᶊᶧᶩ╗  ᵴᶫᶅᵣᶪᵲᶇᴳטּ

 H ᶊ 2.5.2 ᶊ ᵸ ᶠᵫᵴᶫᶅᵣᶪᵲᶇᴳ 

 H ᶠ᷈ḻ᷄ḲᴻḐᶎ4 ⅓ 15N/mm 2∙ ᶇᵸᶪᵲᶇ G

 

2.5.1  ᶊ ᶠᶪ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.482  ֪
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2.5.1  ᶞ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.483  ֪
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2.5.2  ᶠ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵp.488  ֪

 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.482 - 502  
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2.6 ֩ 17  ֪

ₒ ₓ( ─ │ ⌐╟╢ )  

 │ ⅜ ┘ ⅛╠ ╕≢─

⌐╟╠⌂™ ≢⁸ ⅜↓╣╠─ ⌐╟╢ ≤ ─ ⅜№╢≤

╘╢╙─⌐≈™≡│⁸↓╣╠─ │⁸ ⇔⌂™⁹ 

 

ₒ 1485 ₓ 

₈ ─ ⌐ ≠⅝⁸ ╘⌐◖fi◒ꜞכ♩╩ ™≡ ∆

╢◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ ─ ╩ ─ ⌐╟╢ ╖ ─ ≤

─ ⅜№╢≤ ╘╢╙─ 40 6 14 ₉ 

( 37 17 ) 15 ─ ⌐ ≠⅝⁸ ╘⌐◖fi

╩♩כꜞ◒ ™≡ ∆╢◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╖ ─ │⁸ ─ ⌐ ╘╢≤↓

╤⌐╟╢ ⌐⅔™≡│⁸ 8 ─ ⌐╟╢ ╖ ─ ≤ ─ ⅜№╢

≤ ╘╢⁹ 

   ◖fi◒ꜞכ♩Ⱪ꜡♇◒─ 4 │⁸1 ⌐≈⅝ 18N ≢№╢↓≤⁹ 

   ╘⌐ ™╢◖fi◒ꜞכ♩─ 4 │⁸1 ⌐≈⅝ 15N ≢№╢↓≤⁹ 

   ◖fi◒ꜞכ♩Ⱪ꜡♇◒⌐ ™╢◖fi◒ꜞכ♩─ │⁸2.3 ≢№╡⁸⅛≈⁸

⌐ ™╢◖fi◒ꜞכ♩Ⱪ꜡♇◒─ │⁸ 1 ⌐≈⅝ 350kg ≢№╢↓≤⁹ 

   ◖fi◒ꜞכ♩Ⱪ꜡♇◒│⁸ ─ ╩ ⇔⁸⅛≈⁸ ─⌂™╙

─≢№╡⁸∕─ │⁸ ╘⌐ ™╢◖fi◒ꜞכ♩⌐╟≈≡ ⅜ ╩ ∆

╢ ≤⌂╢╙─≢№╡⁸⅛≈⁸∕─ ⅜ ⌂╙─≢№╢↓≤⁹ 

   ─ → │⁸1 ⌐≈⅝ 15N ≢№╢↓≤⁹ 

   ─ ┘ ↕│⁸ ─ ─ ┘◖fi◒ꜞכ♩Ⱪ꜡♇◒─ ⅎ

↕⌐ ∂⁸ ⌐ ╘╢ ⌐ ⇔⁸⅛≈⁸ ─ ─ │⁸1

⌐≈⅝ 5kN╩↓ⅎ≡™⌂™↓≤⁹ 

   ╩ ⌐ ⇔≡ ∆╢ ╩ ⅝⁸ ─ ╣ ↕│ ─ ↕─

100 ─ 20(∕─ ⅜ 45cm⌐ √⌂™≤⅝│⁸45cm) ≤⇔⁸⅛≈⁸ ⌐│⁸ ─

◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ≢⁸ ─∆═╡ ┘ ⌐ ⇔≡ ≢

№╢ ╩ ↑╢↓≤⁹ 

   ⅜ │ ╩⌂∆ ≢ ⌂ ⁸ ─ │ ⅜ ↕╣╢

─ ⅜ ⇔ↄ ∆╢ ─⅔∕╣─№╢ ⌐│⁸ ◖fi◒ꜞכ♩ ─

ⅎ │ ⅎ ╩ ↑╢↓≤⁹ 

   ─ ⌐│⁸ ╩╟ↄ∆╢√╘⁸ ⁸ ≢ ⌐ ╘∆╢↓≤⁹ 
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─ ─

 

◖fi◒ꜞכ♩Ⱪ꜡♇

◒─ ⅎ ↕ cm  

 

 ↕  

20 30  30 35  65 75  1  

65  1.5  

35 45  70 75  1  

65 70  1.5  

65  2  

45  

 

 

70 75  1.5  

65 70  2  

65  2.5  

30 40  30 35  70 75  1.5  

65 70  2  

65  3  

35 40  70 75  1.5  

65 70  2.5  

65  3.5  

40 45  70 75  2  

65 70  3  

65  4  

45  70 75  2  

65 70  3  

65  4.5  

40  30 35  70 75  2  

65 70  3.5  

65  5  

35 40  70 75  2.5  

65 70  4.5  

65  5  

40 45  70 75  3  

70  5  

45  70 75  3.5  

70  5  
 

 H ᶊᶃᵣᶅᶎᴲ ᶊ ᶄᵮ ᶍ ᶎᶉᵣᴳ 

 H ᵾᵿᵶᴲ ᶠᶊ᷈ḻ᷄ḲᴻḐᶱ ᵣᶅ ᵸᶪ᷈ḻ᷄ḲᴻḐḞḵḋ᷄ ᶞ ᶍ ᶊᶃᵣᶅᶎᴲ

ᶇᵶᶅ ᶠᶪ ᵫ ᶊᶧᶩ ᶠᶨᶫᶅᵣᶪᴳᶉᵩᴲ ᶊ ᶍᵡᶪ֩ ֪

15 ᶎ 17 ᶊᴲ 8 ᶎ 10 ᶊ ᶞ ᵧᶪᵲᶇ G

 H ᵸᶪ ᶎᴲ ᶆᵡᶪᵲᶇᵫ ᵪᶪ ᶱ סּ ᶊ ᵸᶪᵲᶇᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.412 - 419  
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2.7 ≥ ֩ 13  ֪

ₒ ₓ( ⌐ ∆╢ ⌐≈™≡─ ─ )  

 │ ─ ╩ ↑⌂↑╣┌⌂╠⌂™ ⌐

∆╢ ⌐╟╡ ∆╢ ≢ ↕⅜ ⱷכ♩ꜟ╩ ⅎ╢╙─( ─

⌐╟╡ ↕╣╢╙─╩ ↄ⁹)⌐≈™≡│⁸ (

─ ─ ─ ⌐ ╢ ╩ ↄ⁹)─ ╩ ∆╢⁹ 

 

ₒ ₓ( )  

 ⌐ ∆╢ ─℮∟ ⌐ →╢ (

↓─ ⌐⅔™≡ ⌐₈ ₉≤™℮⁹)⌐ ∆╢ ⌐⅔™≡ ╖ ⅎ≡

∆╢ ─ ≢ ╘╢ │⁸ ⌐ →╢ ⌐ ∆╢

│↓╣≤ ⌐ ─ ┘ ╩ ∆╢↓≤⅜≢⅝╢╙─≤⇔≡

⅜ ╘√ ╩ ™╢↓≤≤∆╢⁹ 

 ◖fi◒ꜞכ♩ ⁸ ∕─ ↓╣╠⌐ ∆╢ ⇔⌂™ ╩ ™√ ≤∆╢

↓≤⁹ 

 ─ ⌐№≈≡│⁸◖fi◒ꜞכ♩╩ ™≡ ╘⇔⁸ ≤ ≤╩ ⌐ ∆╢

↓≤⁹ 

 ─ ─ ╩ ↄ∆╢√╘⁸ ╩ ↑⁸⅛≈⁸ ─ ─ ─

⌐ ∕─ ↓╣⌐ ∆╢╙─╩ ╘╢↓≤⁹ 

 ⌐⅔™≡ ∆╢ ( ─ ( ─ ╩ ↄ⁹)─ ╩ ↄ⁹)

⌐ ∆╢ ╩ ™╢↓≤⁹ 

 ∕─ ™╢ ⅜⁸ ⅜ ╘╢ ⌐ ≈√ ⌐╟≈≡ ⅛╘

╠╣╢ ╩ ∆╢↓≤⁹ 

 ⌐≈™≡│⁸ ─ ⁸ ⁸ ⁸ ┘

⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ( ⁸ ⁸

⁸ ⁸ ┘ ─ ⌐ ∆╢ ⌐ ╢⁹)⁸

─ ┘⌐ ─ ( ─ ╩ ↄ⁹)─ ╩ ∆╢⁹ 

 

 H ≥ ᶍᵥᶀᴲ ᵴ2m ᶱ ᵧᶪᶡᶍᶊᶃᵣᶅᶎᴲ ᶍ ᶱ ᵸᶪᴳ

ᶊᵡᵾᶂᶅᶎᴲ ᶇᵶᶅ ╥ᵬ ᶍ ᶇ ᶇᵸᶪᵲᶇᴳ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳᶍ ӵ p.413  
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 ᷈ḻ᷄ḲᴻḐ ᶍ ᶍ  

3.1  ֩ 9 1 2Ǝ  ֪

ₒ ₓ( ◖fi◒ꜞכ♩ ─ ─ )  

 ─ ◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩ ─ ─ │⁸

⌐╟≈≡ ─ ─™∏╣⌐╙ ∆╢↓≤╩ ⅛╘√╙─≢⌂↑╣┌⌂╠⌂

™⁹ 

 ⁸ ┘ ( ↓─ ┘ ꜡⌐⅔™≡₈ ₉≤™℮⁹)

⌐╟≈≡ ⅜ ↕╣⌂™↓≤⁹ 

 ⌐╟≈≡ ⅜ ⇔⌂™↓≤⁹ 

 ⌐╟≈≡ ─ ⅜ ╠⌂™↓≤⁹ 

 ⌐╟≈≡ ⅜ ⇔⌂™↓≤⁹ 

 ─ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜⁸ ─ ≢№╢ │◖fi◒ꜞכ

♩─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟╢ ─ ⅜♩ⱷfiכ⸗ ─ ─♩ⱷfiכ⸗ ─ ≢№╢

↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟╢ ─ ─ ╡ ∆ ⅜ ─ ─ ⌐ ∆╢

∕─ ─ ─ ─ ≢№╢↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜ ─ ╩ ⅎ⌂™↓≤

╩ ⅛╘╢↓≤⁹√∞⇔⁸ ←™╩ ™√ ⌐⅔™≡│⁸ ⌐╟≈≡ ←™

⌐ ∏╢ ⅜ ←™─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 

 H ᷈ḻ᷄ḲᴻḐ ᶎ ᷈ḻ᷄ḲᴻḐ ᶎᴲ ᶱ ᵣᴲ ⅓ᴲ ⅓ᴲ ᶒ

֩ ⅓ ֪ᶍ☼ ᶊᶧᶩᴲ ᵫӡ ᵴᶫᶉᵣᴲӢ ᵶᶉᵣᴲӣ ᶨᶉᵣᴲӤ ᵶᶉᵣזּ

ᵲᶇᶱ ᵸᶪ ᵫᵡᶅ  G

 

à ᶊᵩᵰᶪ á 

 H ᶅᶍ ᷈ḻ᷄ḲᴻḐ ᶎ ᷈ḻ᷄ḲᴻḐ ᶊᶃᵣᶅᴲ∙ּזᶍ ᶱ ᵸᶪᵲᶇᴳ 

ӡ ᶍ↨ ḪᴻḩḻḐᵫ ḪᴻḩḻḐᶍ1.5 ∙ ᶆᵡᶪᵲᶇ G

Ӣ ᶊᵩᵰᶪ ᵫ ᶍ 1.5 ∙ ᶆᵡᶪᵲᶇ G

ӣ ⅓ᵫᴲ ᶍ  ᶆᵡᶪᵲᶇᴳזּ∙

Ӥ ᶍ ᶊ ᵸᶪꞌ ᵫᴲ ᶍ ꞌ ∙ ᶊ ᶝᶂᶅᵣᶪᵲᶇᴳ 

 

à ᶊᵩᵰᶪ á 

 H ᵴ2 ᶱ ᵧᶪ ᶊᶃᵣᶅᴲ∙ּזᶍ ᶱ ᵸᶪᵲᶇɵ ᶇᵸᶪG  

ӡ ᶍ ᶊ ᵸᶪꞌ ᵫᴲ ᶍ ꞌ ∙ ᶊ ᶝᶂᶅᵣᶪᵲᶇᴳ 
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à ᶊᵩᵰᶪ á 

 H ᵴ ᶱ ᵧᶪ ᶊᶃᵣᶅᴲ∙ּזᶍ ᶱ ᵸᶪᵲᶇᶱ ᶇᵸᶪG  

ӡ ᶍ↨ ḪᴻḩḻḐᵫ ḪᴻḩḻḐᶍ1.0 ∙ ᶆᵡᶪᵲᶇ G

Ӣ ᶊᵩᵰᶪ ᵫ ᶍ1.0 ∙ ᶆᵡᶪᵲᶇ G

ӣ ⅓ᵫᴲ ᶍ  ᶆᵡᶪᵲᶇᴳזּ∙

Ӥ ᶍ ᶊ ᵸᶪꞌ ᵫᴲ ֩ ᶒ ֪∙ ᶊ ᶝᶂ

ᶅᵣᶪᵲᶇ G

 

3.1.1  ↨ F֩s֪ ᶍᶝᶇ  f

    

 1.5 -  1.0 

 1.5 -  1.0 

 3.0 -  1.0 

   
β

┘  

ăֹ ᶇᶎᴲ ᵱᴲᵺᶲ ᴲ ᶍ ᶱᵣᵥᴳ 

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.441  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.429  p.440 - 441  
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3.2  ֩ 9 3  ֪

ₒ ₓ( ◖fi◒ꜞכ♩ ─ ─ )  

  

 ─ ⌐ ⌂ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐≈™≡│⁸ ⌐ ∂≡ ↕╣√ ⁹√∞⇔⁸ ─ ─ ⌐≈™

≡│⁸ ─ ⌐ ∂ ─ ┘ ╩ ™≡ ↕╣√

╩ ™╢↓≤⅜≢⅝╢⁹ 

 ⁸◖fi◒ꜞכ♩ ┘ ─ ┘⌐ ←™─ ⌐≈™≡│⁸

( ) ( ╩ ↄ⁹)⁸

⁸ ┘ ⌐ ∏╢ ⌐ ∆╢ ┘

⌐ ∆╢ ─ ⌐╟╡ ↕╣√  

 ─ ─ ⌐ ∆╢ ∕─ ─ ⌐≈™≡│⁸ ⌐ ∂≡

↕╣√ ⁹√∞⇔⁸∕─ ─ ⌐ ∂ ─ ╩ ™≡ ↕╣

√ ╩ ™╢↓≤⅜≢⅝╢⁹ 

 

 

 
∞ (╗

ḩᴻḐḳᶊᶃᵬ)  
⅓  

ᶎ  ╗ᴴ Ḑḻ ¹ᴴ  

 ╗ᴴ Ḑḻ ¹ᴴ ¹ 

᷿ḳḐᴲ ᶎᵼᶫᶨᶱ ᶊ  ɜ ╗ᴴ Ḑḻ ¹ᴴ ¹ 

 

 

  

ᴲ ᴲ ᶎ  ¹ᴴ  

 ¹ᴴ  

᷿ḳḐᴲ ᶎᵼᶫᶨᶱ ᶊ (ɜ ᶍ ᵪᶨ ᶉᵮᶇᶡ

ḃḻḉḩᴻḐḳᶝᶆᶍ ᵴᶍ ᶱ ᶎ ᶊ ᵬ ᵧᵾ ᶊ ᶪᴳ)  
¹ᴴ  

 

 

à á 

 H ∞ ʂᴲ ʔ ᶒ ᶊᶃᵣᶅᶎᴲ ᵸᶪ ᶊᶧᶩ ᶱ ᵣ

ᶠᶪᵲᶇɵ ᶇᵸᶪG  

 H ᶱ ᶮᶉᵣ ᶎᴲ 3.2.1 ᶊ ᵸ ∞ ʂ ᶒ ⅓ ᶱ ᵸᶪᵲᶇᴳ 
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3.2.1  ∞ ᶇ ⅓ ֩  ֪

 ∞ (kN/ )  ⅓  

ᶎ  18 0.35 

 17 0.40 

᷿ḳḐᴲ ᶎᵼᶫᶨᶱ ᶊ  ɜ 16 0.50 

 

à ᶍ ꞌ á 

 H ᶍ ꞌ ᶎᴲ ᶊᶧᶩ ᶠᶪᵲᶇᶱ ᶇᵸᶪᴳᵾᵿᵶᴲ סּ ᶣ ᶍ

ᵫ ᵴᵣ ֩ ᵴ5m זּ∙ ᶎ֪ᴲ 3.2.2 ᶍ ᶱ ᵸᶪᵲᶇᵫᶆᵬᶪᴳ 

 

3.2.2  ᶍ ꞌ  

֩ ֹ 93 ᶱ╗ נּ  ֪

 
 

(kN/m2)  

 

(kN/m2)  

 1,000 

─  

⇔√  500 

 300 

⌂  300 

⌂  200 

⌐ ─

⅔∕╣⅜⌂™╙─⌐ ╢⁹  
50 

™  100 

 20 

ⱶכ꜡™  100 

ⱶכ꜡  50 

 

à á 

 H ᶇ ᶍ ᶍ CBᶎ ᵺᵹ CƎB=0 ᶇ ᵸᶪᵲᶇ G

 H ʋᶊᶃᵣᶅᶎᴲ ᵪᶨוֹ 3.2.1 ᶊᶧᶩ ᶠᶪᵲᶇᴳ ᶱ ᶮᶉᵣ

ᶎᴲ 3.2.3 ᶊ ᵸ ᶱ ᵸᶪᵲᶇ G

  Ⱨ ◄╪▪ⱴ║    ᴴᴴ 3H.2.1  

       ʔB  ֹ ᶍ  

 H ᵫ ᶍ ᶊᴲ ᶎ0.6 ᶱ ᵧᶉᵣᵲᶇ G
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3.2.3  ᶇ ֩  ֪

─    

⁸ ⁸ ⁸  0.50  

 0.40  

◦ꜟ♩⁸ ⁸ │∕

╣╠╩ ⌐ ╗  
0.30 

─ ⅛╠ ⌂ↄ≤╙ 15cm╕≢─

↕─ ╩ │ ⌐ ⅝ ⅎ√ ⌐ ╢⁹ 

 

à á 

 H ᶍ ᶊ ᵣᶪ ᷈ḻ᷄ḲᴻḐ ᶒ᷈ḻ᷄ḲᴻḐᶍ ∞ ᶎᴲ ᶊꞌᵷᵾ

ᶎ ᶍ ᶱ ᵣᶪᵲᶇ G

᷈ḻ᷄ḲᴻḐ  24. 0kN/  

᷈ḻ᷄ḲᴻḐ  23.0kN/  

 H ᶀᶏᶩ ᶍ ᶊᶃᵣᶅᶎᴲ ᶍᶚᵪᴲᵪᵪᶇ ᶍ ᶠ ᶱ ᶍ╗ ᶇ

ᶞᶉᵶᴲ ᶍ ᶱ ᶠᶪᵲᶇᴳ 

 

3.2.1  ᶍ ᶍ ᵧ ֩  ֪

֩ ֹ p.95  ֪

 

à á 

 H ᶊᶃᵣᶅᶎᴲ ᶊꞌᵷᶅ ᶊ ᶱ ᵥᵲᶇᴳ֩3.2.1 ᶍ ⅓ ᶊᶎ 5ƎkN/ Ԝ

ᶍ ᵫ ᶝᶫᶅᵣᶪᵲᶇᶊ ≥ᵸᶪᵲᶇᴳ֪ 

 H ᶎ 86 ᶱ ᵸᶪᵲᶇᶇᵸᶪᴳ ᶆᶎᴲ ╓ᵫ ╓

ᶇᵶᶅ ᵴᶫᶅᵣᶪᴳ ᶍ ∞ ᶎᴲ 1cm ᵳᶇᶊ 1ƎԜᶊᶃᵬ30 N ∙ ᶇᵸᶪG  

 H ᵫ ᶠᵾ ᶎᴲ 3.2.4 ᶍᶇᵩᶩ  G
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3.2.4  ᵫ ᶠᵾ  

֩ ֹ HP  ֪
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à ᶍ á 

 H ᶊ ᵣᶪ ᶎᴲӡ ⅓ᶊᶧᶪ ᶎӢ ᶍ ᶊ ╣ᵸᶪ

ᶊ ᶍ ⅓ᶱּנᵧᵾ ᶍᵥᶀᴲᵣᵹᶫᵪ ᵬᵣ ᶇᵸᶪᵲᶇᴳ 

 H ᶊ ᵣᶪ k hᶎᴲ 3.2. ᶊᶧᶩ ᶠᶅ ᵲᶇG ᶉᵩᴲ ᶍ k h0

ᶎᴲ 0.2 ∙ ᴲ 0.25 ∙ ᶇᵸᶪ  G

▓▐ ╬◑Ͻ▓▐  

 k h ֹ ֩ זּ∙ ᶊ ᶠᶪ֪ 

 k h0  ֹ ᶍ  

 cz ֹ 88 1 ᶊ ᵸᶪZ ᶍ ᴳ ᶎ 0.9 ᶇᵸᶪ  G

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ ᴴ ᴴ ᷈ḻ᷄ḲᴻḐ ᶍ ᶍ╗ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.429 - 440  

  4 - 2  

 ᷈ḻ᷄ḲᴻḐ ᴴ   

 

 

3.3  ⅓ᶍ ֩ 9 3 1  ֪

ₒ ₓ( ◖fi◒ꜞכ♩ ─ ─ )  

  

 ─ ⌐ ⌂ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐≈™≡│⁸ ⌐ ∂≡ ↕╣√ ⁹√∞⇔⁸ ─ ─ ⌐≈™

≡│⁸ ─ ⌐ ∂ ─ ┘ ╩ ™≡ ↕╣√

╩ ™╢↓≤⅜≢⅝╢⁹ 

 

 
∞ (╗

ḩᴻḐḳᶊᶃᵬ)  
⅓  

ᶎ  ╗ᴴ Ḑḻ ¹ᴴ  

 ╗ᴴ Ḑḻ ¹ᴴ ¹ 

᷿ḳḐᴲ ᶎᵼᶫᶨᶱ ᶊ  ɜ ╗ᴴ Ḑḻ ¹ᴴ ¹ 
 

 

(1) ⅓ᶍ ᶇ  

 H ⅓ᶍ ᶎᴲ ᶇᵶᶅ ᷈ḻ᷄ḲᴻḐ ᶇᵶᴲ ᶀᶏᶩ ᶍ ᶊᶎᴲ↨ ᶍ

ᶱ ᵥ ᶍᶞּי ᶊ ᵸᶪᶡᶍᶇᵸᶪᴳ 

 H ⅓ᶍ ∞ ᶎᴲ ⅓ זּ ᶧᶩ ᵴH ᶍ 1/3 ᶇᵸᶪ  G

 H ʃᶎᴲ 3.3.1 ᶊ ᵸᶇᵲᶬᶊᶧᶪᴳ 

ᴴᴴ 3H.2.  



 

48  

 

 

3.3.1  ᶍ ⅓  

֩ ֹ p.98  ֪

 

 

3.3.2  ᶀᶏᶩ ᶍ ⅓  

֩ ֹ p.98  ֪

 

3.3.1  ⅓ᶍ ᶊ ᵣᶪ  

֩ ֹ  p.99  ֪

─   ─  
 

ə əE 

 
 

≤◖fi◒ꜞ2 ♩כɫ/3  ɫ/2  
 

∟┌╡

 

 ≤  
ɗ  3.3.1 ⌐╟

╢ 

 ≤◖fi◒ꜞ2 ♩כɫ/3  ɫ/2  
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3.3.2 יּ  ᶍᶩ ʁ ᶍȢ  

֩ ֹ ᶧᶩ  ֪

──╡  ɗ  

⌂  ─╡ ɗ 3.3.3  

∆╢  ⇔√∆═╡ ≤ ─ ⅛╠ ╕≢─ ╩ ⇔

√ ≤ ≤ ─ ╩ ╪∞ ≤ ─

3.3.3  

 

 

3.3.3  ᵱ ᵫ ᵸᶪטּ ᶍʁȢᶍ  

֩ ֹ p.99  ֪

 

 

àּי ᶊ ⅓ᶱ ᵴᵺᶪ ᶍ á 

 H ᶍ ʃEᶎ 3.3.1 ᶊᶧᶩ ᶠᶪ G

◄╪▪♯╔
▼░▪ⱴϽἻἱἶ Ᵽ ◕ ♫

▼░▪ⱴϽἫἷἻ Ᵽ ◕ ♫
 

ᵲᵲᶊ  Ǝ

▼░▪◕
▼░▪♫ Ᵽ

▼░▪ⱴ
 

ʃE ֹ ֩ ֪ 

ʔ ֹᵺᶲ ֩ ֪ 

ʁ  Ȣ יֹּ ֩ ֪ 

ʇ ֹ ֩ ֪ ʇ=tan - 1k h 

ᵾᵿᵶᴲʁȢ+ʇãʔᶇᶉᶪᶇᵬᶎᴲʃE=ʔᶇᵸᶪ  G

 

  

ᴴᴴ 3H.3.1  
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(2) ⅓ 

 H ⅓ᶍ ᶎᴲ ᵮᵴᶒ ᶎ᷄ᴻḵḻᶍ ⅓ ᶊᶧᶩvᵲᶇG 

 

à ᵮᵴᶒ ᶊᶧᶪ á 

 H 3.3.2 ᶊᶧᶩᴲʗᶱ ᵴᵺᶅטּ ᶇᶉPᶅᶱ ᶠᶪᴳ ᶇᶉᶪᶇᵬᶍPᵫ ⅓ᶍ

PAᶇᶉᶪ  G

╟
╦ϽἻἱἶ ⱷ ⱴ

ἫἷἻ ⱷ ⱴ ♪ ♯
 

 W ֹᵮᵴᶒ ֩ ᶱ ᶟ֪(kN/m)  

 ʗ ֹᵸᶘᶩ ᵫ ᶊ ᵶᶅᶉᵸ ֩ ֪ 

 ʔ ֹ ᶠ ᶍᵺᶲ ֩ ֪ 

 ʀ ֹ ᶇꜜ ᶍᶉᵸ ֩ ֪ 

ʃ ֹ ֩ 3֪.3.1 ᶊᶧ  ᶅ

 

 

à᷄ᴻḵḻᶍ ⅓ ᶊᶧᶪ á 

 H ᶍזּ∙ ᶊᶧᶩᴲ ᶍ ∞ ᵡᵾᶩᶊ ᵸᶪ ⅓ᶍ ᶱ ᶠᶪᴳ 

╟═ ╚═Ͻ♬Ͻ╗  

╚═
╬▫▼ⱴ ♪

╬▫▼♪Ͻ╬▫▼♪ ♯
Ἳἱἶⱴ ♯ϽἻἱἶⱴ ♫
ἫἷἻ♪ ♯ϽἫἷἻ♪ ♫

 

 PA  ֹ ⅓k֩N/m  ֪

 K A  ֹ ⅓  

 ʂ ֹ ᶠ ᶍ ∞ k֩N/  ֪

 H ֹ ⅓ m֩  ֪

 q ֹ k֩N/ Ԝ  ֪

 ʔ ֹ ᶍ ֩ ֪ 

 ʀ ֹ ᶇꜜ ᶇᶍᶉᵸ ֩ ֪ 

 ʃ ֹ ֩ ֪ 

 ʁ ֹ ᶇ ᶍᶉᵸ ֩ ֪ 

 

 

(3) ⅓ 

 H ᶍ ᵶ ᶊᶧᶪ ⅓ᶎ ᵶᶉᵣᵲᶇᶇᵸᶪᴳ 

 

ᴴᴴ 3H.3. 2  

ᴴᴴ 3H.3. 3  

ᴴᴴ 3H.3. 4  
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(4) ⅓ 

 H ⅓ᶱ ᵮᵴᶒ ᶊᶧᶂᶅ ᵸᶪ ᶎᴲᵮᵴᶒᶊ ᶍ ᶱ

ᵴᵺᶪ ᶱ ᵣᴲ ⅓ ᶱ ᵣᶪ ᶊᵩᵣᶅᶎƎם ᴴ ᶱ ᵣᶪᵲᶇɵ ᶇᵸ

ᶪ  G

 H ᶎᴲ Ḧḓḭᶷḳᶍ ӵᶣ ᶱ ᵸᶪᵲᶇ G

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ  ᶍ ᶒ  

 Ḧḓḭᶷḳᶍ ӵ p.456 - 460  

  5 - 2 - 4 ⅓ᶍ  

 

 

3.4  ↨ ֩ 9 2  ֪

ₒ ₓ( ◖fi◒ꜞכ♩ ─ ─ )  

  

 ─ │⁸ ⌐ ╘╢≤↓╤⌐╟╠⌂↑╣┌⌂╠⌂™⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜⁸ ─ ≢№╢ │◖fi◒ꜞכ

♩─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟╢ ─ ⅜♩ⱷfiכ⸗ ─ ─♩ⱷfiכ⸗ ─ ≢№╢

↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟╢ ─ ─ ╡ ∆ ⅜ ─ ─ ⌐ ∆╢

∕─ ─ ─ ─ ≢№╢↓≤╩ ⅛╘╢↓≤⁹ 

 ⌐╟≈≡ ─ ⌐ ∏╢ ⅜ ─ ╩ ⅎ⌂™↓≤

╩ ⅛╘╢↓≤⁹√∞⇔⁸ ←™╩ ™√ ⌐⅔™≡│⁸ ⌐╟≈≡ ←™

⌐ ∏╢ ⅜ ←™─ ╩ ⅎ⌂™↓≤╩ ⅛╘╢↓≤⁹ 

 

(1) ᶊ ᵸᶪ  

 H ᶍזּ∙ ᶊᶧᶩᴲ ᶊ ᵸᶪ↨ ᶍ ᶱ ᵥᵲᶇᴳ 

╕▼
ḪᴻḩḻḐ

ḪᴻḩḻḐ

╜►
╜▫

В╥░Ͻ♪░
В╗░Ͻ╫░

 

Fs ֹ↨ ֩ 3.1.1  ֪

M r  ֹ ᶍᶃᶝ o֩ ֪ ᶩᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

M o ֹ ᶍᶃᶝ o֩ ֪ ᶩᶍ ḪᴻḩḻḐ֩kN mH/m  ֪

V i  ֹ ᶊ ᵸᶪ ᶍꜜ k֩N/m  ֪

a i  ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍꜜ V iᶍ ∞ ᶝᶆᶍ m֩  ֪

H i  ֹ ᶊ ᵸᶪ ᶍ N֩/m  ֪

b i  ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍ H iᶍ ∞ ᶝᶆᶍꜜ m֩  ֪

 

ᴴᴴ 3H. 4.1  
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(2) ᶊ ᵸᶪ  

 H ᶍזּ∙ ᶊᶧᶩᴲ ᶊ ᵸᶪ↨ ᶍ ᶱ ᵥᵲᶇᴳ 

╕▼
ᶊ ᵸᶪ ╡○ϽⱧ ╒║Ͻ║

╡╗
 

Fs ֹ↨ ֩ 3.1.1  ֪

Rv ֹ ᶊᵩᵰᶪ ꜜ k֩N/m  ֪

RH ֹ ᶊᵩᵰᶪ k֩N/m  ֪

ʋ ֹ ᶇ ᶍ ᶍ  

CB ֹ ᶇ ᶍ ᶍ  

B  ֹ m֩  ֪

 

(3) ᶊ ᵸᶪ  

 H ᶍזּ∙ ᶊᶧᶩᴲ ᶊ ᵸᶪ↨ ᶍ ᶱ ᵥᵲᶇᴳ 

▲
▲ Ḷ▲╪

▲◊
╕▼

 

q1 ֹ ᶍ ᶆ ᵷᶪ k֩N/ Ԝ  ֪

q2  ֹ ᶍ ᶆ ᵷᶪ k֩N/ Ԝ  ֪

Fs ֹ↨ ֩ 3.1.1  ֪

qa ֹ ᶍ k֩N/ Ԝ  ֪

qu ֹ ᶍ k֩N/ Ԝ  ֪

 

 H q1ᴲ ᶍ ᶊᶃᵣᶅᶎᴲ ᶍ ᶊᶧᶩ ᵸᶪ ᵫ│ᶉᶪᵾᶠᴲ∙ּזᶍ ᶊᶧᶩᵡᶨ

ᵪᵷᶠ ᶍ ᶱ ᶂᵾ ᶆ ꞌᵸᶪ ᶊᶧᶩ ᶠᶅᵲᶇG 

 

à ᶍ ᶍ á 

 H ᶍזּ∙ ᶊᶧᶩᴲ ᶍ ᶍ ᶱ ᵥᵲᶇᴳ 

▀
╜► ╜▫
╥▫

В╥░Ͻ╪░ В╗░Ͻ╫░
В╥░

 

d  ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍ ᶍ ∞ ᶝᶆᶍ  

M r  ֹ ᶍᶃᶝ o֩ ֪ ᶩᶍ ḪᴻḩḻḐ֩kN mH/m ֪ᶆ ᶍꜜ ᶊᶧᶪḪ

ᴻḩḻḐV i aH iᶍ  

M o ֹ ᶍᶃᶝ o֩ ֪ ᶩᶍ ḪᴻḩḻḐ֩kN mH/m ֪ᶆ ᶍꜜ ᶊᶧᶪḪ

ᴻḩḻḐH i bH iᶍ  

Vo ֹ ᶊᵩᵰᶪ ꜜ k֩N/m ֪ᶆ ᶍꜜ V iᶍ  

V i  ֹ ᶊ ᵸᶪ ᶍꜜ k֩N/m  ֪

a i  ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍꜜ V iᶍ ∞ ᶝᶆᶍ m֩  ֪

H i  ֹ ᶊ ᵸᶪ ᶍ N֩/m  ֪

b i  ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍ H iᶍ ∞ ᶝᶆᶍꜜ m֩  ֪

ᴴᴴ 3H. 4.2  

ᴴᴴ 3H. 4.3  

ᴴᴴ 3H. 4.4  
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à ᵫ ꞉ᶧᶩ ᶊᵡᶪ á 

ӡ ᵫ ꞉ᶧᶩ ᶊᵡᶪ  

▲
╥▫
║

▄

║
 

▲
╥▫
║

▄

║
 

 

Ӣ ᵫ ꞉ᶍB/3 ᵪᶨ2B/3 ᶍ ∫ᶊᵡᶪ  

▲
╥▫
▀
 

 

Vo ֹ ᶊᵩᵰᶪ ꜜ k֩N/m ֪ᶆ ᶍꜜ V iᶍ  

q1 ֹ ᶍ ᶊᵩᵰᶪ k֩N/ Ԝ  ֪

q2 ֹ ᶍ ᶊᵩᵰᶪ k֩N/ Ԝ  ֪

e ֹ ᶍ ꞉ᵪᶨ ᶍ ᶍ ∞ ᶝᶆᶍ m֩  ֪

d ֹ ᶍᶃᶝ o֩ ֪ᵪᶨ ᶍ ᶍ ∞ ᶝᶆᶍ ֩ ֪ 

 ֹ ֩ ֪ 

 

 

3.4.1  ∞ ᶇ ᶍ  

֩ ֹ p.120  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ Ӽᴴ ᴴ ᴴ ᷈ḻ᷄ḲᴻḐ ᶍ ᶍ╗ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.443 - 447  

  5 - 2 ᶊ ᵣᶪ  

  

ᴴᴴ 3H. 4.5  

ᴴᴴ 3H. 4.6  

ᴴᴴ 3H. 4.7  
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4  ᶒᵼᶍ ᶍ ᶊ ᵸᶪ  

4.1  ᶍ ֩ 6 1Ǝ4 1 1  ֪

ₒ ₓ 

( ⁸ ∕─ ─ )  

 ( ⌐⅔™≡ ∆╢ ╩ ╗⁹ ∂⁹)─

≢ ╘╢ │⁸ ⁸ ( ─ ╩ ∆╢√╘─ ( ╩

ↄ⁹)≢⁸ ╩ ℮↓≤⌐╟╡ ─ ╩ ≈↓≤⅜≢⅝╢╙─≤⇔≡ ≢ ╘

╢╙─╩™℮⁹ ∂⁹)⁸ ⇔ↄ│ ╡ ←™ │◓ꜝ►fi♪▪fi◌כ∕

─ ─ ≤∆╢⁹ 

( ─ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟

─ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ( ─ ┘ ─ │ ╩ ↄ⁹ ↓─

⌐⅔™≡ ∂⁹)╩⇔√ ─ ⌐ ∏╢ ⌐ (Ɫ⌐ ╢

╩ ↄ⁹)─ ⌐╟╡ ╩ ∆╢↓≤≤⇔√ ⌐⁸ │ ╩⇔√ ─

─ ⁸ ─ ┼─ ─ ∕─ ─ ⅜ ∆╢ ─ ╩

≈ ╩ ⌂℮╙─≤⇔≡ ≢ ╘╢ ⅜ ∏╢⅔∕╣⅜ ⌐ ⅝™≤ ╘

╠╣╢≤⅝│⁸ ⌐ ⅎ≡⁸ ╩ ⇔⁸↓╣╠─ ╩ ℮↓

≤⁹ 

 

ₒ ₓ 

( )  

 ─ ≢ ╘╢ │⁸ ─ ╖⌐ ∕─ ─ ⅜ ↕

╣√ ─ ∕─ ↓╣⌐ ∆╢ ≤∆╢⁹ 

( ⅜ ∆╢ ─ ╩ ≈ ╩ ⌂℮ )  

 ( ┘ ⌐⅔™≡ ∆╢ ╩

╗⁹)─ ≢ ╘╢ │⁸ ⌐ →╢╙─≤∆╢⁹ 

 │ ╩⇔√ ─ ─  

 │ ╩⇔√ ─ ─ ┼─ ─  

 ⌐ →╢╙──╒⅛⁸ ⅜ ∆╢ ─ ╩ ≈ ╩ ⌂℮  

 

 H ᶎ ᶊᶧᶩ ᵷᵾ ᶎᴲ ᶆ ᵥᵲᶇᵫ ᶆᵡᶪᴳᵾᵿᵶ ∙Ǝּזᶍᶧᵥᶊ ᶍ

ᶊ ᵫᵡᶪ ᴲ ᶊ ᵧᶅ ᶍ ᵫּס ᴳ 

ӡ ᶍ ᵫ ᵴᵮᴲ זּ ᵫ ᵴᶫᶪ  

Ӣ ּז ᶣ ᶱ ᵸᶪ ᵫᵡᶪ  

ӣ ╗ ᶍ ᶍ ᶱ ᶆᵬᶪ  
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ᵊ  ɛ

 Ḧḓḭᶷḳ ӽᴴ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.524 - 529  

 

 

4.2  ᶍ ֩ 14 1 2  ֪

( ─ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟

─ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ─ │⁸ ─™∏╣⌐╙ ∆╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

▬ ⌐ ∆╢ ⅜ ∂√ ⌐⅔™≡╙ ≤ ⇔√ ╩ ∆╢↓≤

⅜≢⅝╢ ≢№╢↓≤⁹ 

꜡ ⌐╟≈≡ ⁸ ⁸ │ ╩⇔⌂™ ≢№╢↓≤⁹ 

Ɫ ∕─ ⌐ ∆╢ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ≢№╢↓≤⁹ 

 

 H ᶍ ᴴ ᶊᵡᵾᶂᶅᶎᴲ ᶍ ᶊᶧᶂᶅ ᶣ

ᵫ│ᶉᶪᵾᶠᴲ ᵶᵾ ᶊꞌᵷᵾ↨ ᶍ ᵫ ᶆᵡᶪᴳ 

 H ᶊᶎᴲ ᴲᵪᵳ ᴲḀᶿḎ᷂ḁḇᶹḳ ᵫᵡᶪᴳ 

 H ᶊᵡᵾᶂᶅᶎᴲ ᶣ ᶍ ᵸᶪ

ᶊ ᶍᵥᵧᴲ ᶉ ᶣ ᶍ ᶱ ᵥᵲᶇᴳ 

 

à ᶊ ᶉ á 

 H ᶍ ᶊ ᶆᵬᶪᶇᶇᶡᶊ זּ ᶱ ᶊ ᶆᵬᶪ ᶆᵡᶪᵲᶇ 

 H ⅓ᴲ ⅓ ᶒ ᶍ☼ ᶊᶧᶩᴲӡ ᵴᶫᶉᵣᴲӢ ᵶᶉᵣᴲӣ ᶨᶉᵣᴲӤ ᵶᶉᵣזּ

ᵲᶇ 

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӽᴴ  ᶍ ᴴ ᶍ ≥  

 Ḧḓḭᶷḳᶍ ӵ p.530 - 539  
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4.3  ᶍᶩ ᶍ ֩ 15  ֪

( ┘∕─ ─ ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟

⌐≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ │ ╩⇔√ ─ ⌐ ∏╢↓≤≤⌂╢

( │ ≢ ╦╣√ ╩ ↄ⁹)⅜ ∕─ ─ ⅛╠ ↕

╣╢╟℮⁸ ╡⁸ ╡⁸⸗ꜟ♃ꜟ─ ↑∕─ ─ ╩ ∏╢↓≤≤∆╢⁹ 

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ │

╩⇔√ ─ ─ ( ≢№╢╙─ ┘ ⌐ →╢ ≢№╢╙─╩ ↄ⁹)⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⅜ ∕─ ─ ⌐╟╢ ⅛╠

↕╣╢╟℮⁸ ⁸ ╡⁸ ∕─ ─ ╩ ∏╢↓≤≤∆╢⁹ 

 ─ ⌐╟╢ ⅜ ∂╠╣√ ─  

 ─ ─ ∕─ ─ ⅜⌂™↓≤⅜ ╠⅛⌂  

 H ᶎ ᶊ ᶂᶅ ᵷᶪ ֩ ᶱ ᶟ֪ᶎƎּטᴲ ᶊᶧᶩ ↨ ᵸᶪᵲᶇᶱטּ

ᵸᶪᵾᶠᴲ ᶊᶧᶩ ᵸᶪᵲᶇᵾGᵿᵶᴲ ᶊᶧᶩ ᵸᶪ ᵫᶉᵣᵲᶇᵫ

ᶨᵪᶉ ᶱ ᵮ G

 H ᶎ ᶆ ᶮᶫᵾ ᶊᶃᵣᶅᶎᴲ ᶒ ᶎ ᵶᶉᵣ  G

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӻᴴ ᶍᶩ ᶒᵼᶍ ᶍ ᶍ ᶍ ᶉ ᵧ  

 Ḧḓḭᶷḳᶍ ӵ p.336 - 337  

 

  



 

57  

 

4.4  ᶍᶩ ᶍ  

 H ᶍ ᶉ ᶱ 4.4.1 ᶊᴲ╗ ᶉ ḝḵᴻᶱ 4.4.1 ᴲ 4.4.2 ᶊ ᵸ  G

 

4.4.1 ᶍ ᶉ ᶇ  

֩ ֹ ᴴ ↨  p.192  ֪

  ᴴ  

טּ

 

 
 

 

 

 

ᴲ ᴲ ᶊᶧᶪ

 

 

᷿ᴻḐ  

ḦḋḐ  

 
ᶱ ᶊ ᵴᵺᶪᵲᶇᶊᶧᶪ ᴲ

ᶍ ᴴ ᶍ ᴳ ᶆᶍᶞ ᵣᶪᴳ 

ᶍᵥ  ᶍ ᶊᶧᶪ ᶍ ╔ ᴲ ᵣ ╔

ᶍ ↨   

 

 
ᶍ ᶩ ᵰᶊᶧᶪ ᴲ

ᴲ ᶊᶧᶪ  

 
ᶍ ᶩ ᵰᶊᶧᶪ  ᴲ ᶍ ᴴ

ᶍ ᴳ ᶆᶍᶞ ᵣᶪ G

 ᶍ ╔ᶊᶧᶪ ᶉ ᶍ  

 
ᶇ ᶍ ╔ᶊᶧᶪ ᶉ ᶍ

 

 

 ᶍ ᶣ ᶊᶧᶪ ᶍ  

 ᵸᶘᶩ ᶍ ᶊ  

ᵷᶢᵪᵳ  ᶍ ᶣ ᶊᶧᶪ ᶍ  

ḟḴ᷂ḫḁḐ  ᵫ ᶣᵯᶩ ᶍ ᶠᶍ ᶎ  

 

Ḟḵḋ᷄  
טּ  Ǝ  ᴲ ᶍ  

᷈ḻ᷄ḲᴻḐ  

 

ᶀ᷈ḻ᷄ḲᴻḐ  

ᶍ ᴲ ᶍ ⅓ᶱ ᵰᶪᵩᵼ

ᶫᶍᵡᶪ￼ ᶍ  f

ᴲḞḵḋ᷄  

ᶔᶇᶲᵪᵳ  

║  

᷈ḻ᷄ḲᴻḐ  

ᵡᶪ ᶍ ⅓ᶊ  

᷅ḱᶻḻḑᶷḻ᷀  ᴻ

 
ᵸᶘᶩ ᶍ ᶍ  
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ă ḝḵᴻᶎᴲᵈ ᴴ ↨ ᵉᶱ ᶍᵲᶇᴳ 

 ֪ ᶍ↨ ᶎᴲ .ᴂ1(4) ᶍᶩ ᶍ↨ ᵇᶊᶧᶪᴳ 

 ֪ᵲᵲᶆᵣᵥ ḂḲᶇᶎ ᶊ ᶊᶧᶪטּ ᵫטּ ᵶᶊᵮᵣᶧᵥᶉ ᶉᶡᶍᶇᵶᴲᵼᶫ

∙ ᶎ╗ ᶉ ᶊ ᵷᶪ  G

 ֪ ᶱ ᵰᶣᵸᵣ ᶇᵶᶅᶎ֫ ᶣ ᵫᵡᵱᶨᶫᶪG  

 ֪ ▓ ᶍ ᶊ ᵧᶪ ᶱ ᵸᶪG 

 

4.4.1 ᶍᶩ ᶊᵩᵰᶪ ᶍḝḵ  ᴻ

֩ ֹ  p.147  ֪
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 ֪ ᶍᶩ ᶍ↨ ᶎᴲᴂ .1(4) ᶍᶩ ᶍ↨ ᶊbᶧᶪ  G

 ֪ ᶍ ᶫᶍ ᶎᵈ ᴴ ↨ ᵉᶍ 1ᴂ0  ᴴ

ᵇᶣᵆ ᵇ ᶱ ᶊᵶᶅ ᵸᶪᴳ 

 ֪ ᶍ ᶎᵈ  1- 4  9֪ ᶒ ᶍ ᵉᶊ ᵥᶡᶍᶇ

ᵸᶪ  G

 ֪ ᶍ ᴲ ᴲ ᶍ ᵣ ᴲ ᶎ ᶊᶧᶪ ᴴꞌ ᴲᵼᶍ

ᶍ ᶍ ᵶᶣ ᶍ ᵶ ᶊᶧᶂᶅ  ᵶᶣᵸᵣᴳטּ

 ֪ ᵫטּ ᶲᶆᶡ ᵫ ᵷᶉᵣ ᶇᵶᶅᶎᴲ ᶆᶉᵣ ᶍ ᶍ

ᶱ ↨ᶇᵸᶪ  G

 ֪ ᵶᶨᵸᴲᶝᵴᴲ ᴲ ᴲ ᶇᵶᶅ ᵪᶨᶉᶪ ᶎ ᶊᶧᶪ ᶊᶎ

ᶊ ᵣ  G

 ֪ ᶗᶍ☼ ᴲ ᶇᶍ ᴲ ᶍ♂ ᶱ ∏ᵶᶅ ᵸᶪᴳ 

 ֪ ᶇᵶᶅ↨ ᶍ ᶊᶧᶂᶅ ᵶᴲ↨ ᵫ ᶊ ᵣ ᶊᵪᵳ ᴲ║ ᴲ

ᴲ ᷈ḻ᷄ḲᴻḐ ᶱ ᵣᶪᴳ 

 ֪ ᶊᶧᶪ ᵫ ᵴᶫᵾ ᶊᵩᵣᶅᴲ ᴴ ᶉ ᶊᶎ

טּ ᶱ ᵸ  G

10  ֪ ᵲᵲᶆᵣᵥ ᵶᶇᶎᴲ ᶍᵾᶠᶍטּ ᵶᶱ≥ ᵸᶪᴳ 

 

4.4.2 ᶍᶩ ᶊᵩᵰᶪ ᶍḝḵ ᴻ

֩ ֹ ᴴ ↨  p.198  ֪

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӻ ᶍᶩ ᶒᵼᶍ ᶍ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.336 - 409  

 ᴴ ↨  8 ᶍᶩ  
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5  ᶊ ᵸᶪ  

ᶊᵩᵣᶅᶎᴲ ᶒ ᶊ╙ ᶍ ᵫ ᵷᶉᵣᶧᵥᴲ

ᶍ▓ ᴴ ᶣ זּ ᶒᶊ ᵪᶨ ᵸᶪ▓ ᴴ ᶣ זּ ᶱ↨ ᶊ ᵴᵺזּ

ᶪᵾᶠᶍ ᴴ ᶱ ᵸᶪᶡᶍᶇᵸᶪᴳ 

5 .1 ֩ 7 1 1 1Ǝ6  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ⌐ ∕─ ─ │

( ₈ ₉≤™℮⁹)─ ⌐╟╢ ╖⁸ ⁸ │ ╡⅜ ∂⌂™╟℮⁸

⌐ →╢ ╩ ∏╢↓≤⁹ 

꜡ ─ ⌐ ⇔√ ╩ ╛⅛⌐ ∆╢↓≤⅜≢⅝╢╟℮⁸ ∕─

─ ╩ ™≡ ╩ ↑╢↓≤⁹ 

( ─ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟

─ ⌐ ∆╢╙─│⁸ │ ╩∆╢ ⌐⅔™≡⁸ ⌐╟╡ ╣

│ ─ ⅜ ∏╢⅔∕╣⅜№╢≤⅝│⁸∕─ ╩ ∆╢↓≤⅜≢⅝╢╟℮⁸

≢ ─ ─™∏╣⌐╙ ∆╢╙─╩ ∆╢↓≤≤∆╢⁹ 

 ≢ ╩ ∆╢ ─╙─≢№╢↓≤⁹ 

 ⁸◖fi◒ꜞ⁸♩כ╣╪⅜∕─ ─ ─ ≢ ╠╣⁸⅛≈⁸ ╩

─╙─≤∆╢ ⅜ −╠╣≡™╢╙─≢№╢↓≤⁹√∞⇔⁸ ╣ │ ─ ─

⅜⌂™ ⌐⅔™≡│⁸ ╠ ∕─ ─ ╩ ∆═⅝ │⁸

∕─ ╩ ⌐ ↕∑╢ ╩ ∆╢╙─≤∆╢↓≤⅜≢⅝╢⁹ 

 ∕─ ─ ┘ ⅜⁸∕─ ∆═⅝ ╩ ⌂ↄ ↕∑╢↓≤⅜

≢⅝╢╙─≢№╢↓≤⁹ 

 ╠ ∕─ ─ ╩ ∆═⅝ │⁸∕─ ≢№╢ ─ ─ ⌐

→╢ ⌐⁸╕∆ │ⱴfiⱱכꜟ⅜ ↑╠╣≡™╢╙─≢№╢↓≤⁹ 

▬ ─ ╕╢  

꜡ ─ ─ │ ⅜ ⇔ↄ ∆╢ ( ─ ⅜⌂™ ╩

ↄ⁹)  

Ɫ ─ │ ─ ╩ ⅎ⌂™ ─ ↕↔≤─ ─ ─∕

─ ⌂  

 ╕∆ │ⱴfiⱱ⁸⌐ꜟכ ⅜ ↑╠╣≡™╢╙─≢№╢↓≤⁹ 

 ╕∆─ ⌐⁸ ↕⅜ ☿fi♅ⱷכ♩ꜟ ─ ╘⅜ ↑╠╣≡™╢╙─≢№╢↓

≤⁹ 

 ⌐ ╘╢╙──╒⅛⁸ ─ │⁸ ╩∆╢ ⌐⅔™≡⁸ ╩∆╢

─ ⅛╠ ─ ⌐ ⅜ ∆╢⅔∕╣⅜№╢≤⅝│⁸ ╩ ∆
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╢↓≤⅜≢⅝╢╟℮⁸ ⌐ ≢ ( √∞⇔ ┘ ╩

ↄ⁹)─™∏╣⌐╙ ∆╢╙─╩ ∆╢↓≤≤∆╢⁹ 

 H ᶊᶧᶩ ᶫ ᶎ ᶍ ᵫ ᵹᶪᵩᵼᶫᵫᵡᶪᶇᵬᶎᴲ ᶱ ᵰᶪᵲᶇᴳ 

 

5.1.1  ᶍ  

 

 

5 .2  ֩  ֪

 H ᶍ ᶎᴲ∙ּזᶊ ᵶᵾᶡᶍᶇᵸᶪᵲᶇᴳ 

ӡ ᶆ ᶱ ᵸᶪ ᶍᶡᶍᶆᵡᶪᵲᶇᴳ 

Ӣ ᷈ḻ᷄ḲᴻḐᴲᵼᶍ ᶍ ᶍ ᶆ ᶩᴲᵪᶃᴲ ᶱ ᶊᵸᶪ ᶱ ᵹᶪᵲᶇᴳ 

ӣ ᶍ ᶒ ᶎ ᶊᶧᶩ ᶠᶪᵲᶇᴳ 

Ӥ ▓ ᵼᶍ ᶍ ᶱ ᵸᶘᵬ ᶎᴲᶍ￼ ᶊᶝᵸ ᶎḦḻḣᴻḳᶱ ᵰᶪᵲᶇᴳ 

 ʊ ᶍ ᶝᶪ￼  

 ʋ ᶍ זּ ᴲ ᶎִי ᵫ ᵶᵮ ￼ᵸᶪטּ  

 z ᶍ ᵴᵫᵼᶍ ᶎ ᶍ120 ᶱ ᵧᶉᵣ ∫ᶊᵩᵣᶅᴲ ᶍ┐

ᶉ￼  

ӥ ᶝ ᶍн ᶊᶎ 1Ǝ5cm ∙ ᶍ ᵿᶠᶱ ᵰᶪᵲᶇ G

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ԝᴴ  ╓ ᶍ  

 Ḧḓḭᶷḳᶍ Ӷ p.297 - 298  

 

 

5 .3 זּ   

(1) זּ ᶍ  

 H זּ ᶎᴲ ᶍ זּ ∞ᶱ ᵴᵺᶪᵾᶠᴲזּ ᵪᶨᶍ ᵫ ᶊ ᵶᶉᵣ

ᶧᵥ ᵸᶪᶇᶇᶡᶊᴲ ᶣ ᵪᶨᶍ ᶱ ᶣᵪᶊ ᶆᵬᶪᶧᵥᴲ ᶍ ᴲ ᴲ

ᶒ ᶍ ᶊꞌᵷᶅᴲ ᶉ ᶇᵸᶪᴳ 

֩ ֪

זּ∆

ᶍᶩ
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 H זּ ᶊᶎᴲ 5.3.1 ᶊ ᵸᶧᵥᶉᶡᶍᵫᵡᶪᴳ 

 

 

זּ 5.3.1 ᶍ  

֩ ֹ  p.162  ֪

─   

 ─ ─  

 ⅛╠ ┼─ ─  

┤≤╪⅛↔ 

↔⅛╚∂ה  
─ ─ ┘ ─  

 ─ ─  

 

 

( 2 )∆  

à á 

 H ∆ ᶎᴲ╗ ᶊ זּ ᶊ ᶍ↨ ᶱ ᶃ ᶆ ᵴᶫᴲ ᶱ

ᵸᶪ ᶍ ᶊḐḴḻḉᶱ ᵶᶅ ᵸᶪᴳ 

 H ֹ 300mm ∙ ֩ ╓ ᵫ ᶉᶡᶍᶎ ᶊᶅ ֪ᴳ 

 H ֹ 200mm ∙ ᴳ ᵪᶨ ᶊ ᵸᶪᴳ 

 H 4ֹ0m ᶱ ᶇᵶᴲ זּ ᵫ ᵣᵲᶇᵫ ᵴᶫᶪ ᶎ20m ∙  G

 H ᶎᴲ ᶊᵩᵣᶅᶡ┐ ᶣ ᵫ ᵧᶪᶧᵥᶊᴲᶝᵸᶣḦḻḣᴻḳᶊ ᵸᶪᵲ

ᶇᶣᴲᵪᵳ ᶆ ᵸᶪᵲᶇᶱ ᶇᵸᶪᴳ 

 H ᶎ 5.3.2 ᶍᶇᵩᶩ  G

 

5.3. 1 ∆ ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.140)  
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5.3. 2  ᶊᵩᵰᶪ ᶍ∆ ᶒ ᶍ  

֩ ֹ  p.162  ֪

 

 

(3)  

 H ᶎᴲ ᵪᶨ ᶗᶍ ᶍ ᶱ ᵸᶪᵾᶠᶊᴲ ᶍ ᶊ ᵸᶪᴳ ᶊᴲ

ᶩᴴ ᶩᴲ ᵰ ᴲ ᶍ ᶍᶚᵪᴲ ᶱ ᶠᶪ ᶎᴲ ᵪᶨᶍ ᴲ

ᶒ זּ ᶍ☼ ᶱ ᵰᶣᵸᵣᵾᶠᴲ ᶊᶧᶪ זּ ᶍ ᵫוֹ ᵣᴳ 

 H ᵴ 0ֹ.5m ∙ ᶱ ᶇᵸᶪᴳ זּ ᵫ ᵣᵲᶇᵫ ᵴᶫᶪ ᶎ1.0m ∙  G

 H ∫ֹ ᵪᶨ ᶍ ᶍ1/2 ᶍ ∫ ᶒ ᶱ ᵶᶅ ֩ i<1:4  ֪

 

5.3. 3  ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.142)  
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(4) ֩ᶔᶇᶲᵪᵳᴴᵷᶢᵪᵳ ֪ 

 H ᶎᴲ ᶇᶉᶪ ᶎ ᶊᵩᵰᶪ ᶊᵩᵣᶅᴲ ᶣ∆ ᶇ

ᵶᴲ ᶊ ᵸᶪᴳᵲᶫᶎ ᶇ ᶊ ᶍ ᶊᶡ ᶃᴳ ᶇᵶᶅᴲ

ᶍ ᵣ ֩ ᶊꞌᵷᶅ ᵶ ᶱ ֪ᴲᶔᶇᶲᵪᵳᴲᵷᶢᵪᵳ ᵫ ᵣᶨᶫᶪᴳ 

 

5.3. 4  ᶍ  

֩ ֹ  p.158,159)  

 

 

 

( 5 ) ֩ 7 1 1  ֪

ₒ ₓ( ⌐≈™≡ ∏╢ ⌐ ∆╢ )  

 ─ ≢ ╘╢ ⌐ ∆╢ ─ ─℮∟ ⌐

≈™≡ ∏╢ ⌐ ∆╢╙─│⁸ ⌐ →╢╙─≤∆╢⁹ 

 ╩∆╢ ⌐⅔™≡│⁸ ╩⇔√ ─ ⌐ ∕─ ─ │

( ₈ ₉≤™℮⁹)─ ⌐╟╢ ╖⁸ ⁸ │ ╡⅜ ∂⌂™╟℮⁸

⌐ →╢ ╩ ∏╢↓≤⁹ 

꜡ ─ ⌐ ⇔√ ╩ ╛⅛⌐ ∆╢↓≤⅜≢⅝╢╟℮⁸ ∕─

─ ╩ ™≡ ╩ ↑╢↓≤⁹ 

 

 H ᶊ∆ ᶱ ᵸᶪ ᶊᴲᵡᶮᵺᶅ ᶊ ᶱ ᵶᶅ זּ ᶍ

ᶱ ᵯᶇᶇᶡᶊᴲ ▓ᶊᶧᶪ ᶱ ᶣᵪᶊ ᵶᶅᴲ ᶍ↨ ᶱ ᶪᵲᶇᴳ 

 H ᶎᴲ ᵫ ᵣ ᶱ ᵣᴲ ᶍᶩ ᶍ ᵳᶇᶊ ᵸᶪᵲᶇᶱ ᶇᵸᶪᴳ 

 H ᵴ 0ֹ.3m ∙ ֩ ᶣ ᶍ  ֪

 H ∫ֹ ᵴᶍ1/2 ∙ 5Ǝ 6%ᶍ ᶱ ᵰ  ᶅ

 H ֹ ᵫ ᵣᶡᶍ 
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5.3. 5  ᶍ  

֩ ֹ Ḧḓḭᶷḳᶍ ӵ p.167  ֪

 

5.3. 6  ᶍ ᶍ  

֩ ֹ  p.170)  

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӹ 2H 2H   

 Ḧḓḭᶷḳᶍ ӵ p.167 - 172  

  4 - 9   
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5 .4   

(1) ᶍ  

 H ᶎᴲ ᶱ ᵸᶪזּ ᶊᶧᶪ ᶍ ᶒ ᶱ ᵭᴲ ᶗᶍ ᶱ

ᵸᶪᵲᶇᶊᶧᶩᴲ ᶊᶧᶪ ᶱ ᵸᶪ ᶍᵺᶲ ᵴᶍ ᴲ ⅓ᶍ ᵪᶨ

ᵷᶪ ᶱ ᶆᵬᶪᶧᵥᴲ ᶉ ᶇᵸᶪ  G

 H ᶊᶎᴲ 5.4.1 ᶊ ᵸᶧᵥᶉᶡᶍᵫᵡᶪᴳ 

 

5.4.1 ᶍ  

֩ ֹ  p.156  ֪

─   ⌂  

 ─╡ ┼─ ─ ╩ ← 

∆╢ ⌐

⇔ ⁸ ⁸

⇔⌂™ 

 ─╡ ┼─ ╩ ┼ ↄ 

 
⁸ ─ ╩ ⌐

ↄ 

 
─╡ ┼─ ⁸ ─ ╩ ∆

╢ 

┤≤╪⅛

↔ 

↔⅛╚∂ה  

─ ─ ┘ ─

 

⌂ ─

 

 

( 2 ) ᶍ  

à á 

 H ᶧᶩ ᶊ ᵫ ᵮᶉᶈᴲ ᶊ ᵪᶨ ᶍ ᵫ ᵴᶫᶪ ᶊᶎᴲ

ᶊ ᶱ ᵸᶪᵲᶇ G

 

à á 

 H ᶊᶎּז ᶍᶍᶩ ᶇ ᶊ2 5% ᶍּזᶩ ᶱ ᵶᴲ ᶱ ᶊ ᵮᵲᶇ  G

 

5.4.1  ᶍ  

֩ ֹ  p.157 ᶱ╗ נּ  ֪

à á 

 H ᴲ ᶎ ᶱ ᵸᶪ ᴲ ᶊꞌᵷᶅ ᶱ ᵸᶪᵲ

ᶇ  G
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 H ᶎ 2Ǝ0m ᶍ ᶆ ᵰᶪᵲᶇ G

 
5.4.2  ᷈ḻ᷄ḲᴻḐU ᶊᶧᶪ ᶍ  

֩ ֹ ᴴ ↨  p.173  ֪

 

 

à á 

 H ᶎ ᶍᵡᶪ ᶊ ᵸᶪᶧᵥᶊ ᵸᶪᵲᶇᴳ 

 

à á 

 H 5.3 (4) ֩ᶔᶇᶲᵪᵳᴴᵷᶢᵪᵳ ֪ᶱ ᶍᵲᶇ  G

 

ᵊ  ɛ

 Ḧḓḭᶷḳ ӻ 2H  ᶍᶩ ᶍ  

 Ḧḓḭᶷḳᶍ ӵ p.339 - 353  

  4 - 9   
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5 .5  ᶍ  

 H ᶍ ᶎᴲ ▓ ᴲ ᴲ ᴴ ᴲ ᶊ ᶄᵣᶅ ᵶᵾ▓

ᶍ ᶱ↨ ᶊ ᶆᵬᶪᶧᵥ ᵸᶪᵲᶇᴳ 

 H זּ ᶍ ᶊᵡᵾᶂᶅᶎᴲ ᶍ ᶱ ᵶᶅ ᶊ ᶱ ᶟᵲᶇᴳ ᶍ

ᶎ 2 ᶍ 8֩ ֪ᴲɕᵾ ᶍ ᶎ ᶉᵶᶍ ᶇᵸᶪᶍᵫ╗ ᶆᵡ

ᶪ  G

 

(1)▓ ᶍ  

 H ▓ ᶎᴲ ᶇᵶᶅ ֩ḱ᷿ḯḒḳ ֪ᶱ ᵣᶅ ᵸᶪᴳ ֩ḱ᷿ḯḒḳ ֪ᶱ

5.5.1 ᶊ ᵸ  G

╠
Ȣ
Ͻ█Ͻ►Ͻ═ 

 

 

  ֹ▓ ֩ /sec  ֪

f   ֹ  

r   ֹ ᶍ ▓ m֩m/ h  ֪

  ֹ ֩  ֪

 

 ʊ (f)  

 H ᶎᴲ .5.1 ᶊ ᵸ ᶱ ᶇᵸᶪ  G

5.5.1  

    

 0.9 

 0.8 

ה  0.6 

 0.7 

 0.7 

ă ᵫ ḙḕḳ ᶍ ᶍ ᶆ ᶮᶫᶪ￼ ᶊᶃᵣᶅᶎᴲ .5.1 ᶊᶧᶨ

ᵹᴲ ᶎ0.9 ᵪᶨ1.0 ᶝᶆᶇᵸᶪ G

֩ ֹ פֿ ᴲ סּ ֪ 

  

ᴴᴴ 5H.5.1  
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 ʋ ▓  

 H ▓ ᶎᴲ 5.5.2 ᶊ ᵸ ╓ᶍ ▓ ᶱ ᵣᶪᴳ ▓ ᶎᴲ ᵸᶪ

ᶱ ᵬᴲ ᶇᵶᶅ10 ᶇᵸᶪᵲᶇ G

 H ▓ ᶍ ╓ ᶱᴲ 5.5.1 ᶊ ᵸᴳ֩ ֪ 

 H ᶊᵩᵰᶪ ᴲ ᶣ ᶊᶧᶂᶅᶎᴲ ᶱ ᵸᶪ֩ ᶎ10 ֪G  

à á  H ᶊᵩᵰᶪ ᶣ ∫ᶊ ᶕ ᶍᵥᶀ ᵫ ᵣ ᶎ20

30 ᶇᵸᶪ  G

 H ᵴᶨᶊᴲ ᶊ ᵬᶉ☼ ᵫ ᶝᶫᶪ ᶊᵩᵰᶪ ᵴ15m ᶱ ᵧᶪ ᶎ100

ᶇᵸᶪ  G

 

5.5.2  ▓ 1֩0  ֪

֩ ֹ ᶍ ▓   ֪

╓ ▓  
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10  20  30  60  120  180  360  

זּ  
 

  

113.7 85.7 71.0 49.8 33.8 26.6 17.4 

19.0 28.6 35.5 49.8 67.6 79.8 104.6 

 
  103.1 82.1 69.3 49.0 32.4 24.8 15.3 

17.2 27.4 34.7 49.0 64.8 74.5 91.8 

 ם
 104.0 83.2 70.8 51.1 34.7 27.1 17.3 

17.3 27.7 35.4 51.1 69.5 81.4 103.8 

 
 

  

98.1 78.8 67.0 47.8 31.9 24.5 15.2 

16.4 26.3 33.5 47.8 63.7 73.5 91.0 

 
 103.0 82.1 69.7 50.0 33.9 26.5 16.8 

17.2 27.4 34.8 50.0 67.9 79.4 101.0 

 
 109.2 85.2 71.1 49.3 32.2 24.5 14.9 

18.2 28.4 35.6 49.3 64.3 73.5 89.7 
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